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INTRODUCTION 
It has been recognized that the main function of fats in animal 
nutrition is to provide energy and essential fatty acids. Basically, 
the non-nitrogenous nutrients, such as carbohydrates and fat, have the 
power to diminish the extent of the catabolism of protein in providing 
energy for the body of a normal growing animal. However, it has been 
established that carbohydrates are more efficient "protein sparers" 
than fats. 
The renewed interest in the use of fats and oils in competition 
with the cereal grains as the source of energy in the ration for young 
pigs has been aroused by the studies of Kittsand his associates (1956). 
They reported that the lipase activity of the digestive system of the 
young pig is relatively high at birth and remains high with advancing 
age. On the other hand, the amylase activity is low at birth but increases 
rapidly until the pigs are four to six weeks of age. If the potential 
lipid hydrolyzing capacity of the pig is relatively high during its 
early stage of life, it is reasonable to assume that the dietary fats 
will be more efficiently utilized than grains in supplying the needed 
energy of the body. However, it is also realized that there are some 
limitations on the use of fat but in seme cases, fats and oils are more 
economical sources of energy for pigs than the grains. 
Many species have contributed to our present knowledge of the 
utilization of fats but only limited studies have been conducted with 
early-weaned pigs. In swine nutrition studies, particularly with baby 
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pigs, and except for a few studies on the quantitative requirement 
of essential fatty acids, the main interest has been concentrated on 
the digestibility of various fats and the proportions of fat in the 
diet which could be utilized efficiently. Several studies on the 
nutritional evaluation of fats with early weaned pigs have been based 
primarily on their efficiency in promoting growth. 
The main purpose of the present study was to determine the 
digestibility of fats and oils by young pigs two to ten weeks of age. 
Also, the relationship of energy and protein and the effect of varying 
levels of fat on growth and feed utilization was studied. Various 
kinds of processed soybean meals in serving as the source of both fat 
and protein for baby pigs were also evaluated. The effect of dietary 
fat on the degree of the accumulation of body fat in young pigs was 
qualitatively estimated by measuring specific gravity of the live animal. 
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REVIEW OF LITERATURE 
The utilization of fats in animal and poultry diets has been studied 
from many angles. Since all aspects cannot be discussed, the present 
review will be limited to those reports in the literature which provide 
information related to the present investigation. Part of the discussion 
will be concerned with the studies of the feeding value of various types 
of processed soybean meal. The initial experiments reported herein 
concern the fat content of the different sources of soybean meal as 
affected by the method of processing. The second part of the review 
will deal with studies on the efficiency of fat utilization as affected 
by the digestibility at different ages, calorie-protein ratio and rate 
of food passage. A small amount of bulk or fiber in the animal and 
poultry rations has been observed to decrease the rate of food passage 
in the digestive tract; thus the extended time of the feed in the gut 
may increase the digestibility of seme nutrients. 
Soybean nfeal 
Dyer and Krider (1950) compared the feeding value of the two kinds 
of solvent extracted soybean meal to that of the expel 1er soybean meal 
for weanling pigs. Both the solvent soybean meals contained 44 percent 
protein, one of which was heat treated for 60 minutes at a maximum 
temperature of 230°F and the other was treated for 30 minutes at 212°F 
in the presence of steam at atmospheric pressure. They found that the 
growth rate of the pigs fed the two solvent extracted soybean meals was 
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superior to that of the pigs fed the expel 1er soybean meal, when the 
rations were equated to contain 20 percent crude protein. 
Becker and associates (1953) studied the effect of heat and 
solvent treatments on the nutritive value of soybean meal for swine. 
The soybean residues were obtained from the following extractions: 
A) hexane extracted - desolventized; B) hexane extracted - partially 
toasted; C) hexane extracted - regularly toasted, and D) trichloro-
ethylene extracted - regularly toasted. Each meal, as a supplementary 
source of protein to corn-alfalfa meal ration, was fed to pigs on pasture 
from weaning to 200 pounds. During the early growth period, the results 
showed that B, C, and D types of extraction did not differ significantly 
in growth promotion of the pig but they were superior to A. In the 
entire feeding period, the differences were variable and B was also 
superior to D which in turn was similar to A. These workers suggested 
that all the meals tested were obviously different in protein quality. 
Renner and Hill (1960) found that a certain degree of heat treatment 
on soybeans and extracted flakes can produce maximal metabolizable energy 
value, thus producing maximum rate and efficiency of growth in chicks. 
They observed that the metabolizable energy content of soybean flakes 
was somewhat lower than that of commercially-processed soybean meals. 
In a similar study with chicks, Carew et al. (1961) found that the 
heated, dehulled, unextracted soybean flakes produced growth rate and 
feed efficiency in chicks equal to that obtained from the combination 
of soybean meal and degummed soybean oil. Conversely, the chicks fed 
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heated, ground and unextracted soybeans were less satisfactory in growth 
performance. Flaking the soybeans markedly improved the utilization of 
the fat by the chicks. The metabolizable energy content of ground, 
unextracted soybean was substantially less than the unextracted soybean 
flakes. 
Becker et al. (1961) reported a feed saving of 16 percent from the 
use of full-fat soybean meal as a replacement for regular soybean meal 
in pig diets. Jimenez et al. (1963) reported that the performance of 
pigs fed heated soybeans, expressed as average daily gain and efficiency 
of feed utilization, was equal if not superior, to the pigs fed soybean 
oil meal as a supplemental source of protein. 
Tagari and associates (1962) studied the nutritive value of three 
kinds of soybean meal for sheep. First, the soybeans were heat treated 
at 70 to 80eC for 20 minutes followed by dehulling, flaking and defatting 
with light petroleum (b.p. 50°C) for three hours. The subsequent 
treatments were : 
a) Soybean meal was prepared by evaporating the solvent from 
flakes at roan temperature, 
b) Soybean meal was prepared by heating the flakes at 80°C for 
10 minutes to remove the solvent, and 
c) Soybean meal was prepared by steaming the flakes at 120 °C 
for 15 minutes to remove the solvent and toast the meal. 
They found that the apparent digestibility coefficient of protein in 
toasted soybean meal was somewhat higher than in untoasted soybean meal. 
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Nitrogen retention by sheep fed the diet containing heated soybean 
meal was considerably higher than for those fed diets containing 
untoasted meal. 
Results reported herein indicate that the use of unextracted 
soybean products for pig rations could result in maximum gain and 
feed efficiency provided that the beans are heat treated properly 
to increase the availability of both protein and oil. 
Fat and fatty acids 
The information available on the utilization of fats has been 
obtained mostly with other species and only limited studies have been 
done with young pigs. Part of the review reported herein includes 
chick requirements for fat. 
Henderson and Irwin (1940) reported that soybean oil was detrimental 
to chick growth when added at levels higher than 10 percent. March and 
Biely (1954) and Biely and March (1954) recognized that the response to 
supplemental fat was influenced by the composition of the basal diet. 
They showed that 7 percent tallow depressed growth and feed efficiency 
on a diet containing 19 percent protein. However, when the protein level 
was increased from 24 to 28 percent, the tallow had no adverse effect on 
growth and improved the efficiency of feed utilization. 
Caton et al. (1953) were unable to rear pigs weaned at birth to a 
liquid diet containing no fat. However, approximately 54 percent survived 
to eight weeks of age when the dry matter of the liquid diet contained 30 
7 
percent lard. Among the three levels of fat tested, 10, 20 and 30 
percent, the lowest level resulted in the most rapid growth rate. 
Crampton and Ness (1954) used dry meal diets for young pigs from 
10 to 50 days old. They compared levels of 3 and 8 percent fat. The 
difference in fat level was obtained by replacing 5 percent ground oat 
groats by 5 percent corn oil. With the higher fat level, feed intake 
was not affected appreciably, but feed efficiency was improved by 18 
percent and the difference in efficiency on a calorie basis between the 
two fat levels was only about a third of that calculated on the basis of 
weight of feed intake. Blumer et al. (1957) reported that soybean oil 
and coconut oil produced satisfactory rate and efficiency of gain in pigs. 
Peo and co-workers (1957) found no significant difference in gains 
attributed to levels of fat in the diet for either the first 2-week or 
the 4-week test period for pigs weaned at one week. However, when fat 
was added to the diets, the appearance of the pigs was improved. With 
increasing levels of fat, a significant linear increase in feed conversion 
occurred for the first 2-week test period, but there was no significant 
difference in feed efficiency due to fat for the 4-week test period. 
Punch et al. (1957) found that increasing levels of hydrogenated 
arachis oil in rat diets reduced growth rate. They further observed that 
hydrogenated arachis oil damaged the testes, kidney and skin to a higher 
degree than trilaurin at the corresponding dietary levels. They concluded 
that the deleterious effect of hydrogenated arachis oil may have been due 
to the presence of isomers of the unsaturated fatty acids formed during 
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hydrogénation. The noxious effect of this fat was completely prevented 
by supplementation of 100 mg. linoleate per animal per day. 
Leat (1961) studied the relationship of a-tocopherol and essential 
fatty acids in baby pigs from weaning to slaughter weight. He concluded 
that the major function of tocopherol in the pig is to protect body lipids 
from oxidation. He also found no difference in growth rate of pigs fed 
low-fat diets with or without a-tocopherol supplementation. 
The essential fatty acid requirements of pigs weighing from 10 to 
200 pounds liveweight have been investigated by several researchers. 
Leat (1962) found that including linoleate in the diet in the amounts to 
supply from 0.07 to 3.5 percent of the calories, resulted in no difference 
in growth rate or efficiency of feed conversion. Holman (1960) proposed 
the use of the ratio of the two acids, trienoic and tetraenoic as an 
index of essential fatty acid requirement. Using this ratio as an index, 
he estimated that pigs up to 200 pounds liveweight require linoleic in 
amounts to provide 1 percent of the dietary calories. The pig requirement 
for linoleic acid was found to vary with age; the maximum requirement was 
shown to be from 12 to 16 weeks of age and then it begins to decline. 
Renner and Hill (1961a) found that the utilization of saturated 
fatty acids from C12 t0 c18 chicks decreased as chain length increased. 
Palmitic and stearic acids were essentially not utilized. Oleic acid was 
found to be approximately 88 percent utilized by the chick. In the hen, 
utilization of the saturated fatty acids also decreased with increasing 
chain length. They also found that the absorbability of nyristic, palmitic 
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and stearic acid was significantly higher in the hen than in the chick. 
Addition of lauristic or myristic acid in the diet of chicks significantly 
reduced growth rate, the reduction being most marked for lauric acid. 
Similarly, these workers (Renner and Hill, 1961b) studied the absorbability 
of the fatty acids of tallow, lard, and soybean oil fed as intact and 
hydrolyzed fats in chicks. They observed that the absorbability of 
palmitic and stearic acids present in the mixture of unsaturated fatty 
acids increased as the level of unsaturated fatty acids in the mixture 
increased. 
Mande1 and associates (1963) studied the effect of wheat-germ oil, 
peanut oil, lard and of isocaloric quantities of glucose on the growth 
rate of pigs weaned at ten days of age. The addition of 3 percent lard 
to the liquid diet significantly increased growth rate of pigs up to 35 
days of age as compared to the growth rate of pigs fed diets without the 
added fat. The apparent digestibility of crude protein and crude fat 
was also high for the 14- to 21-day-old pigs given the lard supplement. 
The results of various investigations reported herein indicate 
marked differences in the response of pigs or chicks to various fats and 
oils. It appears that levels of dietary fat, fatty acid components of 
the fats and oils, and levels of protein and vitamin in the rations are 
important factors influencing the response of pigs to the various fats 
and oils. 
10 
Calorie-protein relationship 
A considerable amount of work has been done on the dietary energy-
protein relationship on animal performance. However, only a few of 
the pertinent papers will be mentioned in this review. 
Singsen (1949) compared the effects of two protein levels, 20 and 
28 percent, cm the growth rate of crossbred chicks. The 20 percent 
diet contained approximately 960 kilocalories of productive energy per 
pound of ration while the 28 percent diet contained 845. He concluded 
that growth was similar for chicks fed the two protein levels but that 
feed utilization during the first 3-week period was more efficient at 
the higher protein level. 
Hill and Dansky (1950) reported that the protein requirement for 
maximum growth appeared to be a relatively constant quantity for chicks, 
but that the percentage of dietary protein was related to the productive 
energy content of the ration due to its effect on feed intake. Munro and 
Naismith (1953) reported that the energy content of the diet influences 
protein utilization by rats. They found that adding fat to a low-calorie 
diet, which provided adequate amounts of protein, resulted in a linear 
improvement in nitrogen balance. 
Matterson et al. (1955) reported an apparent increase in growth 
rate in chicks as the productive energy to protein ratio decreased from 
51 to 31 in rations containing 20 to 28 percent protein. Similarly, 
Scott et al. (1955) studied the effect of varying protein and energy 
levels on the performance of chicks. Diets containing 20, 25 and 30 
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percent protein and supplemented with 0, 7, or 14 percent stabilized 
fat were fed. With no supplemental fat only minor differences in growth 
were noted. Growth rate on diets containing 20 percent protein 
progressively declined with increasing levels of fat. Supplementing 
the diets containing 25 and 30 percent protein with 7 percent fat 
improved growth slightly, but supplementing with 14 percent fat caused 
growth rate to decline. Maximum growth to 28 days was obtained on the 
30 percent protein with 7 percent supplemental fat in the diet. 
Balloun and associates (1959) studied the protein and energy 
requirements of Broad Breasted Bronze poults. They pointed out that 
the improvement in growth and feed efficiency resulting from increased 
protein was independent of the energy level and the improvement with 
increased energy levels was independent of the protein level of the 
diets. They observed that the chief effect of increasing protein from 
25 to 32 percent was on weight gain of the poult up to six weeks of 
age, while increasing energy from 800 to 1000 kilocalories per pound 
increased growth rate and improved feed efficiency. 
Several studies on the protein requirements of pigs over the 
period from the second or third to the 28th day have been conducted 
using diets containing emulsified fat. Reber et al. (1953) and Sewell 
et al. (1953) fed diets containing up to 49 percent protein and 24.6 
percent lard. In both studies casein was the source of protein. Reber 
and co-workers found the protein requirement for maximum growth to be 
41 percent whereas Sewell and associates found 32 percent protein to be 
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optimum. Becker et al. (1954) using a diet based on dried skim milk 
and containing 5 percent corn oil found no advantage in giving more 
than 22 percent protein. It was noted by McCrea and Tribe (1956) that 
these three reports are consistent with the theory that protein require­
ment depends on the caloric density of the diet. 
Lowrey et al. (1958) obtained a beneficial effect of added beef 
tallow on growth and efficiency of feed utilization by pigs fed a high 
protein (18 percent) ration but a reduction in performance when added 
to a lower protein (10 percent) ration. 
Manners and McCrea (1962) found that 25 percent was adequate in 
a low-fat diet which agrees reasonably well with that of Becker et al. 
(1954). The difference between their findings and those of Becker 
et al. may be due to the fact that most of the protein in their diet 
came from casein, whereas Becker and co-workers used dried skim milk. 
The mixture of protein in the latter possibly provided a better balance 
of amino acid, thus allowing optimum performance on a lower protein intake. 
Kuryvial et al. (1962) and Kuryvial and Rowland (1962), fed nine 
different rations, containing 0, 15 or 30 percent added fat in combination 
with 14, 18 or 22 percent protein, to pigs during the entire growing 
period. They observed that the added fat decreased feed consumption, 
increased daily gain in weight, and improved the efficiency of energy and 
feed utilization. On the other hand they found that higher protein levels 
increased feed consumption, increased rate of gain and improved the 
efficiency of feed utilization. Using the same rations, they also 
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measured the energy and nitrogen digestibility and retention in pigs. 
They found that the apparent digestibility of energy was not affected 
by the level of fat or protein. The apparent digestibility of nitrogen 
by small pigs (7 kilograms body weight) was not affected by the addition 
of fat to the diet. Higher protein levels had no significant effect 
on the apparent digestibility of protein by young pigs (7 kilograms) but 
increased digestibility of protein by heavier pigs (45 kilograms). They 
concluded that nitrogen retention was not significantly affected by the 
levels of fat. However, higher protein levels caused a slight increase 
in nitrogen retention by lighter weight pigs and a decrease in heavier 
pigs which varied with the different fat levels. They suggested that 
there was an energy-protein interaction. 
The results of the investigations reported above are not in agreement 
with each other. Further studies on the interrelationships of protein 
level and energy density in swine rations are suggested to clarify 
whether or not there is an absolute calorie-protein ratio needed for 
optimum performance. 
Digestibility of nutrients 
The value of chromic oxide as an index to determine the digestibility 
of certain feed nutrients in pigs has been reported by several investiga­
tors, (Schurch et al. 1952; Clawson et al. 1955; Schneider 1955; Moore 
1957; Moore 1958; Anderson 1962; and Combs et al. 1963). 
Schneider (1955) reported that the digestion coefficients for pigs 
obtained by using the chromic oxide indicator method were slightly lower 
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than those found with the conventional total collection method. 
Although it was suggested that some chromic oxide was lost in the fecal 
analysis method, this loss was not believed to be a significant factor. 
He also concluded that a 3-day collection period would suffice for 
determining nutrient digestibility. 
Moore (1957) found that during the first four hours after feeding, 
the rate of passage of nitrogenous materials from the stomach into the 
small intestine was much greater than the rate of passage of the bulk 
of dry matter, whereas dry matter as a whole was removed from the 
stomach at a more rapid rate than crude fiber. He also observed that 
during the first four hours after feeding, the rate of passage of 
chronic oxide from the stomach of the pigs was about the same as that 
for the total dry matter. Also, Moore (1958) found that a single randan 
sampling technique could be applied to the determinations of the digesti­
bility coefficients of dry matter, crude protein and chromic oxide free 
ash with fairly accurate results. He suggested that for the random 
sampling technique, 10 to 20 percent of the total fecal excreta is needed 
to get representative digestibility values. 
In general satisfactory results have been obtained with the indicator 
method, using chromic oxide as the marker and comparing the results to 
those obtained by use of the conventional method of total collection. 
The digestibility coefficient of fat is affected by several factors 
in a given diet or species. Also, the different degrees of digestibility 
are reflected in differing relative nutritive values of various fats. 
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Early studies by Smith et al. (1915) showed practically no difference 
in the relative digestion and utilization of lard and hydrogenated 
vegetable oil by man. The average digestion coefficients of lard and 
hydrogenated vegetable oil were 96.8 and 94.7 percent, respectively. 
Rapp et al. (1946) could not detect any difference in the digestibility 
of cottonseed oil and butterfat. On the other hand, Paul et al. (1952) 
studied the digestibility of various fats and oils and reported that 
among the fats, the butterfat had the highest digestibility coefficient 
ranging from 95 to 96.4, whereas cottonseed oil had a slightly lower 
digestibility value of 93.9 to 95.1 percent. Other reports in the 
literature indicated that hydrogenated oils are digested and absorbed 
as well as natural fats of corresponding melting points (Holmes and Duel 
1921; Duel 1946). 
In some cases it has been reported that the digestibility of fats 
varies with the fat content of the diet. Hoagland and Snider (1940) 
have observed that for rats the digestion coefficient of hydrogenated 
cottonseed oil was increased from 88.2 to 99.2 percent when the fat 
level of the diet was increased from 5 to 30 percent. These workers 
(1943) also found that butter was less efficiently utilized when fed 
at higher levels. 
Sheffy et al. (1951) obtained values ranging from 41 to 49 percent 
for the digestibility of lard by pigs at 10 to 20 days of age. Cunningham 
and Brisson (1955) reported that the apparent digestibility of lard in 
liquid diets increased from 84 to 90.3 percent between the second and 
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fourth week of age in one trial and from 91.3 to 97.6 percent in 
another trial comparing pigs of similar ages. There was no further 
increase in digestibility from the fourth to ninth week of age. They 
also observed that the levels of fat in the diet affected the relation­
ship between the true and apparent digestibility of the fat. On the low, 
medium and high levels of fat diets, the true digestibility of the fat 
was 1.23, 0.70 and 0.59 percent higher than the apparent digestibility. 
Lloyd and Crampton (1957) and Lloyd et al. (1957) reported the 
apparent digestibility of various kinds of fat by early-weaned pigs and 
the influence of age on the digestibility of fat by pigs. These effects 
are shown in Tables 1 and 2. These workers found a highly significant 
inverse relationship between the mean molecular weight (length of chain) 
of the fatty acids of various fats and oils and the apparent digestibility 
by pigs. They also found that 7-week-old pigs digested a higher percentage 
of the fat than did the 3-week-old pigs and the difference with age became 
wider as the molecular weights of the fat increased. 
Results of the reports reviewed herein indicate that the chain length 
or molecular weight of fatty acid components of fats and oils, degree of 
saturation, levels of dietary fat and age of the animal are important 
factors affecting the digestibility of various fats and oils. 
Rate of food passage and its effect on digestibility 
The importance of small amounts of bulk in a concentrate mixture 
has been stressed by several authorities in the field of animal nutrition. 
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Table 1. Apparent digestibility of fat by early-weaned pigs* 
, Fatty acids Av. apparent 
Fat or oil" Chain length Av. mol. wt. digestibility 
Coconut oil 
Butter 
Hydrogenated coconut oil 
Butter (75%) + erucic acid 
(25%) 
Short Less than 260 
(Sap. value 
over 200) 
94.4 * 5.6 
Lard 
Mixed tallow 
Beef tallow 
Butter (50%) + erucic 
acid (50%) 
Cottonseed oil 
Hydrogenated cottonseed oil 
Linseed oil 
Soybean oil 
Hydrogenated soybean oil 
Corn oil 
Medium Between 260 and 
285 (Sap. value 
between 185 and 
200) 
91.9 t 6.2 
Fish 
Hydrogenated fish 
Butter (25%) + erucic 
acid (75%) 
Rape seed 
Hydrogenated rape seed 
Erucic acid 
Long More than 285 
(Sap. value 
under 185) 
78.2 > 16.9 
aOne hundred and four pigs weaned at 14 days of age were used, 
kpat or oil was added at 20 percent of nonsynthetic dry meal diet. 
Table 2. Influence of age on the digestibility of fats and oils by 
early-weaned pigs 
Average percent digestibility of fat 
Types of fat 3 weeks 7 weeks 
Short chain 86 96 
Medium chain 70 90 
Long chain 37 78 
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The fiber content of the ration is the main factor governing the bulk. 
Blaxter et al. (1955) reported that the physical form of feed and the 
quantity given influence the length of time it stays in the digestive 
tract of the sheep. They have observed that when the period of stay 
of the feed in the gut was shortened, a decrease in the digestibility 
of the feed was apparent. Rodrigue and Allen (1960) also observed with 
dairy cattle that the excretion of finely ground hay was more rapid than 
unground hay throughout the feeding period. The change in the excretion 
time due to grinding was statistically significant. They established 
the relationship between the rate of passage of hay and the digestibility 
of the total ration. 
Work on the nutritive value of fiber with monogastric animals such 
as the chicken has been reported by Morris et al. (1932). In their experi­
ment, the fiber content was added at levels from 3 to 10 percent of the 
ration. Oat hull and alfalfa stem were used as fiber sources. They found 
that the varying levels of fiber had little influence on the coefficient 
of digestibility of various feed nutrients. Added fiber did not materially 
depreciate the coefficients of digestibility of the feed nutrients. It 
was also observed that the growth rate of the chicks fed differing levels 
of fiber was similar. 
Saito et al. (1959) studied the effect of cellulose level on the 
chick growth and the digestibility of the feed nutrients. They found 
that the addition of cellulose to the basal diet decreased the digestibility 
of crude fat, nitrogen free extract and organic matter of the diet. The 
results of their experiment are shown in Table 3. 
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Table 3. Nitrogen balance and digestibility of scane nutrients 
Added 
cellulose (%) 
Digestibility 
Crude 
fat (%) N.F.E. (%) 
Organic 
matter (%) 
0 87.2 76.7 62.5 
3.5 84.0 73.6 59.6 
9.5 83.0 68.5 54.8 
16.5 83.9 70.8 52.0 
26.5 79.3 66.3 45.9 
They found a greater positive nitrogen balance in the group fed at the 
level of 9.5 percent cellulose. 
Recently Dinusson et al. (1961) reported that increasing the fiber 
content (as oat hulls) from 2.9 to 16 percent of the diet did not 
significantly affect the rate of gain by pigs on pelleted rations. 
Likewise, no significant difference in rate of gain was observed when 
protein levels were varied from 11 to 16 percent. Feeding oat hulls at 
30 and 45 percent of the ration (12 and 16 percent fiber) significantly 
decreased feed efficiency and protein digestibility. 
In the nitrogen balance studies, Whiting and Bezeau (1962a and 1962b) 
found that an increase of fiber in the ration of young pigs significantly 
(P < .01) increased the metabolic fecal nitrogen excretion and decreased 
the digestibility of the protein. However, they found no effect on the 
biological value of the protein. As the pig increased in weight from 
15 to 50 kilograms, the metabolic fecal nitrogen excretion per 100 grams 
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of the dry matter consumed decreased in proportion to the 0.3 power 
of the body weight. The apparent digestibility of the protein increased 
but the biological value of the protein decreased. 
Cunningham and associates (1962) reported that a reduction of food 
intake to maintenance level caused an increase in apparent digestibility 
of crude fiber and crude protein by pigs consuming diets containing 0 or 
40 percent wood cellulose. They suggested that à higher fecal dry weight 
resulted from a slower intestinal food passage and that the extended 
time in the gut might account for the higher digestibility of protein. 
In general, the reports cited above show some evidence that the 
faster the rate of food passage in the gut the lower the percent of 
crude protein digested. 
Body fat measurement by specific gravity 
The application of body specific gravity as an index of the percent­
age of fat present in the animal body was demonstrated by Kraybill et al. 
(1952) and Kyle et al. (1959). A direct validation of the use of the 
specific gravity method for determining body fat was obtained by Rathbun 
and Pace (1945) wherein they analyzed gravimetrically the whole-body fat 
in a series of 50 eviscerated guinea pigs in which specific gravities 
were measured. 
Kraybill et al. (1952) reported that there was an inverse relationship 
between body fat and body specific gravity when body fat content of 30 
head of cattle was calculated from specific gravity. They found that the 
specific gravity ranged from 1.017 to 1.070 with a mean value of 1.045, 
21 
and the fat content varied from 13.6 to 39.5 percent of the body weight 
with an average fat content of 25.1 percent. 
Specific gravity has also been used by several workers (Brown et al. 
1951; Whiteman et al. 1953; Pearson et al. 1956; and Price et al. 1957) 
as a measure of the fat content of pork cuts. 
Influence of level of fat on body fat 
Scheer and co-workers (1947) used a diet which varied in fat levels 
from 0 to 40 percent. Cottonseed oil was used in all diets and the 
animals were allowed feed ad libitum for a period of 18 weeks. It was 
found that the group of rats maintained on diets containing 20 percent 
fat had the highest relative fat content of the total body which was 
approximately 24.7 percent. A further increase in the fat level of the 
diet decreased growth rate as well as the fat content of the animal body. 
Barki et al. (1950) found that increasing the levels of butterfat in 
the diet resulted in increased fat content of the total body of rats. 
When the diet contained 10 percent butterfat the rats gained 169.4 gm. 
in weight and had a relative fat content of 13.2 gm. The corresponding 
figures were 179.8 gm. and 15.8 percent for the animals fed a diet 
containing 35 percent butterfat. 
Recently Asplund et al. (1960) fed stabilized white grease and com 
oil to young pigs and slaughtered than at the end of the 40-day test 
period. They found an increased fat deposition by pigs fed fat as indicated 
by lower specific gravity of the carcass and higher fat content of the 
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shoulder cut. They further observed that the difference in the composi­
tion of the fat of the pigs fed com oil agrees with the findings of 
Blumer et al. (1957). 
From the results of the studies reviewed herein, it appears that 
satisfactory gain and feed efficiency could be attained by feeding fats 
and oils either added to the pig diet at a minimum level (10 percent) or 
used as unextracted soybean products for pig rations. The characteristics 
of fatty acid components of the fats and oils, level of dietary fat, 
digestibility of fats as affected by rate of food passage in the gut and 
age of the pigs are important factors to be considered in determining the 
response of young pigs to various fats and oils. Also, the calorie-protein 
ratio in the swine rations is not well established, thus it would merit a 
further study on the relationship of protein and energy density in pig 
rations. 
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EXPERIMENTAL 
Experiment 1123 - Energy-protein levels for young pigs 
Objective The purpose of this experiment was to study the effects 
of varying levels of protein (19, 27 and 35 percent) and varying levels 
of fat (2, 20 and 38 percent) on growth and feed efficiency of young pigs. 
The lower levels, 2 percent fat and 19 percent protein, approximate those 
presently used in starter diets. The higher levels, 35 percent protein 
and 38 percent fat, approximate the levels found in sow's milk. The 
wide range in fat and protein levels was used to observe whether or not 
an energy-protein interaction could be demonstrated. 
Experimental 
Animals Seventy-two crossbred (Yorkshire x Landrace, and 
Poland China x Yorkshire x Landrace) baby pigs, initially averaging 17 
days of age and 12.1 pounds body weight, were used in this experiment. 
The animals were randomly allotted from weight out-come groups to a 
3x3 factorial arrangement of treatments in a randomized block design. 
Four pigs were assigned to a pen and each experimental treatment was 
replicated twice. Littermates in the same pen were avoided by making 
this restriction on the random allotment. The building temperature was 
maintained at 70 degrees Fahrenheit during the first two weeks and 
gradually decreased to 65 degrees Fahrenheit during the second two weeks. 
Heat lamps were also provided in each pen during the first two weeks of 
the experiment as supplementary heat. 
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Rations Hie nine experimental rations were formulated 
from three levels of protein (35, 27 and 19 percent) in which each 
protein level was in combination with the three levels of fat (38, 20 
and 2 percent), Table 4. Stabilized lard was used as the supplementary 
source of fat. ADM-assay protein was the main source of supplementary 
protein. Methionine-hydroxy analogue, at the levels of 0.33, 0.24 and 
0.15 percent, was added to the 35, 27 and 19 percent protein levels, 
respectively. The pigs were allowed feed ad libitum and they remained 
on test for 30 days. The pigs were weighed at the start of the experi­
mental period and weekly thereafter until the termination of the 
experiment. Weekly feed consumption per pen was also measured. 
Results and discussion The summaries of the average total gain 
and feed conversion data are presented in Figure 1 and Tables 5 and 6. 
Gain As the level of fat in the rations was increased, the 
average total gain of the pig decreased. Statistical analysis of the 
data showed that there was a significant effect of level of fat (P < .01) 
on the average total gain (Table 33, Appendix). On the other hand, with 
increasing levels of protein, the average gains were correspondingly 
increased. This effect of protein level on the total weight gains was 
shown to be statistically significant at the 10 percent level. The most 
rapid gain was obtained with the ration containing 2 percent fat and 27 
percent protein. These results agree with that of Manners and McCrea 
(1962) who found that the 25 percent protein level was adequate in a 
low-fat diet. Conversely, the lowest rate of gain in weight was shown by 
Table 4. Experiment 1123 - Composition of experimental rations 
Basal rations: 
Levels of fat, % 38 38 38 20 20 20 2 2 2 
Levels of protein, % 35 27 19 35 27 19 35 27 19 
Treatments 1 2 3 4 5 6 7 8 9 
Ground yellow corn 1.47 12.26 23.05 21.62 32.41 43.20 41.87 52.66 63.45 
ADM-assay protein 40.20 29.30 18.40 38.10 27.20 16.30 35.90 25.00 14.10 
Dried whey (701 lactose) 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 
Lard (stabilized) 38.00 38.00 38.00 20.00 20.00 20.00 2.00 2.00 2.00 
Calcium carbonate 0.70 0.50 0.25 0.80 0.60 0.40 0.90 0.70 0.50 
Dicalcium phosphate 1.20 1.60 2.05 1.05 1.45 1.85 0.90 1.30 1.70 
Iodized salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Trace mineral mixa 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
Vit.-antibiotic mix'3 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
Methionine-hydroxy 
analogue 0.33 0.24 0.15 0.33 0.24 0.15 0.33 0.24 0.15 
Potassium chloride 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
^Composition of trace mineral mix presented in Table 30. 
^Composition of vitamin contributed per pound of ration shown in Table 28 
Figure 1. Experiment 1123 - Summary of average total gain and feed required 
per pound of gain 
TOTAL 12.8 12.7 
GAIN 
(lb.) 5 
FAT 
LEVELS, % 38 38 
PROTEIN 
LEVELS. % 35 27 
F/G 
(lb.) 
1.00 
2.00 
\ 
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Table 5. Experiment 1123 - Summary of the average total gain and 
feed required per pound of gain 
Fat level, % 38 38 38 20 20 20 2 2 2 
Protein level, % 35 27 IS 35 27 19 35 27 19 
Rep. Total gain (lbs.) 
1 12.3 12.8 10.4 14.4 19.6 17.9 17.5 19.3 12.8 
2 13.2 12.6 11.0 17.4 16.2 12.8 17.8 17.2 14.7 
Av. 12.8 12.7 10.7 15.9 17.9 15.4 17.6 18.2 13.8 
Rep. Feed/gain (lb.) 
1 1.28 1.46 2.10 1.58 1.31 1.52 1.37 1.48 2.01 
2 1.17 1.57 1.80 1.27 1.32 1.65 1.27 1.39 1.87 
Av. 1.22 1.52 1.95 1.42 1.32 1.58 1.32 1.44 1.94 
Table 6. Experiment 1123 - Summary of the average effect of protein 
level and fat level on average total gain and feed required 
per pound of gain 
Av. gain (lb.) Av, , feed/gain (lb.) 
Fat level (%) Fat level (%) 
Protein, % 38 20 2 Av. Protein, ! 38 20 2 Av. 
35 12.8 15.9 17.6 15.4 35 1.22 1.42 1.32 1.32 
27 12.7 17.9 18.2 16.3 27 1.52 1.32 1.44 1.43 
19 10.7 15.4 13.8 13.3 19 1.95 1.58 1.94 1.82 
Av 12.1 16.4 16.5 Av. 1.56 1.44 1.57 
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the pigs fed a maximum level of fat (38 percent) and the minimum level 
of 19 percent protein. However, the protein x fat interaction on 
total gain was not statistically significant. 
Feed required per pound of gain Feed efficiency was signifi­
cantly improved (P < .01) as the protein level in the ration increased 
from 19 to 35 percent. There was no statistically significant difference 
obtained in feed efficiency as the level of fat was increased in the 
ration (Table 33, Appendix). These results were in agreement with the 
findings of Catron and associates (1953), Cunningham and Brisson (1955) 
and Peo et al. (1957). In this experiment, the most efficient feed 
conversion was obtained when the pigs were fed both the maximum levels 
of fat and protein. The highest amount of feed required per pound of 
gain was attained by the pigs fed the maximum fat level and a minimum 
protein level. When the protein level was decreased by 16 percent 
(from 35 to 19 percent) and the fat level was increased by 18 percent 
(20 to 38 percent), the feed efficiency was reduced approximately 30 
percent. It was shown that there was a significant interaction of 
protein x fat on feed efficiency (P < .05). However, the trends are not 
such that one can offer a straightforward biological explanation of the 
interaction since the improved feed conversion at the 20 percent fat 
level in the presence of 19 or 27 percent protein as compared with the 
poorer feed conversion at this same level of fat (20 percent) and the 
higher level of protein (35 percent) is largely responsible for the 
significant interaction. 
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Experiment 1131 - Sources of soybean meal for baby pig rations 
Objective Vegetable oils are excellent sources of energy and 
have shown satisfactory results in improving growth rate in chicks. 
Low dietary levels of soybean oil have been reported to improve growth 
rate in rations for young pigs. The purpose of this experiment was to 
determine the nutritional value of solvent extracted soybean meal, 
expeller soybean meal and two high-fat, expel 1er processed meals in 
serving as a source of both energy and protein for the baby pig diet. 
The world demand for soybean oil varies ; thus, in the future the 
oil could be of greater economic worth if left in the meal and used for 
animal feeds provided that it is efficiently utilized by the animals. 
Also, there would be the added mechanical advantage of adding fat along 
with a free flowing ingredient such as soybean meal. 
Experimental 
Animals One hundred and twenty-five crossbred (Poland China 
x Yorkshire x Landrace and Poland China x Landrace) baby pigs, weaned at 
an average age of 16.8 days, were used in this experiment. These animals 
initially averaged 12.7 pounds body weight and were allotted at random by 
initial weight within litter to six replications of five ration treatments 
in a randomized block design experiment. Except for replication six which 
had five pigs per pen, other replications involved four pigs per pen. 
Initially, all pigs were fed a common starter ration for the first week. 
After this period, they were fed their corresponding ration treatments. 
Hie test period lasted for 28 days. These animals were housed in pens 
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with concrete floors. The temperature was maintained at 70 degrees 
Fahrenheit during the first two weeks on experiment and then gradually 
decreased to 65 degrees Fahrenheit during the second half of the test 
period. Heat lamps were used during the first two weeks to provide 
supplemental heat. 
Rations Four kinds of soybean meal were used as the main 
source of protein in this study. All the experimental rations were 
calculated to contain 20 percent crude protein. The basal ration, with 
the solvent extracted soybean meal containing 0.6 percent fat, is shown 
in Table 31, Appendix. Solvent soybean meal was also used in the second 
experimental ration, but 5.8 percent soybean oil was added to the ration 
to equal the total fat content of the fifth ration containing the full-
fat expeller soybean meal. The third ration was formulated using the 
regular expeller soybean meal containing 4.4 percent. The fourth ration 
contained the high-fat expeller soybean meal source containing 7.9 percent 
fat. The last ration treatment was a full-fat expeller soybean meal with 
16.4 percent fat. All the ration treatments were offered ad libitum. 
Urease activity was qualitatively determined in all the soybean meals as 
a measure of the adequacy of heat treatment. 
Results and discussion Summaries of the average total gain and 
feed efficiency for the 28-day test period are presented in Table 7. The 
growth performance and feed efficiency data during the preliminary one-
week period were not included since all the pigs were fed a common diet. 
32 
Table 7. Experiment 1131 - Summary of average total gain and feed 
required per pound of gain 
Treatment 
Solvent Solv. SBM Regular High-fat Full-fat 
Rep. SBM + soybean oil exp. SBM exp. SBMa exp. SBM" 
Total gain (lb.) 
1 23.22 23.30 20.88 13.05 14.82 
2 20.88 18.52 16.50 14.50 12.00 
3 17.88 19.00 9.92 10.30 7.12 
4 20.02 19.95 13.75 10.12 9.38 
5 23.05 21.00 17.40 12.02 10.50 
6C 15.82 15.62 10.58 7.24 6.38 
Av. 20.14 19.56 14.84 11.21 10.03 
Feed/gain 
1 1.85 1.73 2.04 2.54 2.64 
2 1.92 1.83 2.03 2.32 2.31 
3 1.87 1.60 2.36 2.69 2.72 
4 1.54 1.67 1.86 2.49 2.87 
5 1.68 1.68 1.98 2.22 2.53 
6C 1.88 1.79 2.32 2.33 2.74 
Av. 1.79 1.72 2.10 2.43 2.64 
%igh-fat expeller soybean meal, 42.8 percent protein, 7.9 percent 
fat, some urease activity indicating improper toasting. 
kFull-fat expeller soybean meal, 39.9 percent protein, 16.4 percent 
fat, low urease activity but had been stored for a considerable 
period of time. 
^Replication 6 had 5 pigs per pen; other replications had 4 pigs 
per pen. 
Gain In general, the ration containing the solvent extracted 
soybean meal showed the highest growth performance over the other four 
experimental rations. Hie pigs fed the diet containing solvent soybean 
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meal or the solvent soybean meal with the added soybean oil gained more 
rapidly than did pigs fed the diet containing the expeller processed 
meals. The difference in total gains was statistically significant 
(P < .01). However, there was no significant difference in the average 
total gain between the pigs fed the solvent soybean meal and the 
solvent meal plus soybean oil diet. These results are in agreement 
with the findings of Dyer and Krider (1950) who reported that solvent 
extracted soybean meals were superior to the expeller soybean meal when 
rate of gain of the pigs was used as the criterion to estimate nutritive 
value. 
Also, in this experiment the pigs fed the regular expeller meal 
gained significantly faster (P < .01) than did the pigs fed the two 
kinds of high-fat expeller soybean meals (Table 34, Appendix). This 
was contrary to the work done by Becker et al. (1961). Chemical analysis 
of the high-fat expeller soybean meal (which contained 7.9 percent fat) 
revealed that there was some urease activity indicating improper toasting. 
On the other hand, there was low urease content found in the full-fat 
expeller meal but it had been stored for a considerable period of time. 
These factors may have caused some reduction in feed intake, thus 
resulting in poor growth performance in both ration treatments (high-fat 
and full-fat). There was no significant difference in total weight gain 
between the two high-fat expeller rations fed pigs. 
Feed required per pound of gain The feed efficiency was 
shown to be highest for pigs fed the solvent meal with added soybean oil. 
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The pigs fed both the solvent meal rations used their feed 
significantly more efficiently (P < .01) than did those pigs fed rations 
containing the three kinds of expeller meals (Table 34, Appendix). When 
the two solvent fed groups (solvent soybean meal vs. solvent plus soybean 
oil) were compared, there was a statistically significant difference in 
feed utilization efficiency (P < .05). Also, the pigs fed the regular 
expeller soybean diet were more efficient in feed conversion than the 
other two groups fed high-fat expeller diets (P < 0.01). Furthermore 
the pigs in the high-fat expeller ration treatment were more efficient 
than the pigs fed the full-fat expeller meal in converting feed to gain 
(P < .05). Again these data are contrary to the results obtained by 
Becker et al. (1961). The Illinois workers reported that they were able 
to save approximately 16 percent feed from the pigs fed the full-fat 
soybean oil meal when it replaced the regular expeller soybean meal, 
ïhe two factors, urease activity and period of storage, may be offered 
as the possible explanation for the poor feed utilization of the pigs 
on both the high-fat expeller meal rations. Urease activity indicates 
that the meals were not properly heated during processing. 
Experiment 1133 - Comparison of sources of soybean meal for pig starter 
rations 
Objective The results of Experiment 1131 showed that the pigs 
fed the expeller soybean meals grew at a slower rate and required more 
feed per pound of gain. The poor weight gains of the pigs fed the 
rations containing the expeller soybean could have been the result of 
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improper toasting of the high-fat meal and excessive time in storage 
for the regular expeller soybean meal. Therefore, this experiment was 
conducted to further study the feeding value of solvent and expeller 
soybean meals using new sources of expeller meal. 
Experimental 
Animals Eighty-five crossbred (Poland China x Yorkshire x 
Landrace) baby pigs, weaned at an average age of 22.2 days, were used 
in the second experiment. These animals initially averaged 12.2 pounds 
body weight and were randomly allotted from littermate out-come groups 
to four replications of five ration treatments in a randomized block 
design experiment. Except for replication two which had five pigs per 
pen, other replications involved four pigs per pen. Initially, all pigs 
were fed a common starter ration for the first week. After this period, 
they were fed their corresponding ration treatments. The test 
period lasted for 28 days. These animals were housed in pens with 
concrete floors. The temperature was maintained at 70 degrees Fahrenheit 
for the first two weeks on experiment and then decreased to 65 degrees 
Fahrenheit on the second half of the test period. Heat lamps were 
provided as supplementary heat during the first two weeks. 
Rations The basal ration composition used in this experi­
ment was similar to that used in the previous experiment, except for 
the replacement of the new sources of the two expeller soybean meals 
(Table 31, Appendix). 
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Results and discussion 
Gain The average total gain data for the entire 28-day 
test period are shown in Table 8. The highest weight gain was 
obtained from pigs fed the solvent extraced soybean meal with added 
soybean oil. On the other hand, the lowest rate of gain was shown 
by the pigs fed regular expeller soybean meal. Statistical analysis 
of the weight gain data (Table 35, Appendix) revealed that there was 
a significant difference among treatment groups (P < .05). When the 
regular expeller treatment group was compared to both the solvent 
soybean treatment groups, the difference in weight gains of the pig 
was shown to be highly significant (P < .01). However, there was no 
significant difference in gains between the solvent meal alone and the 
solvent meal plus soybean oil rations. Also, the average total gain 
of the pigs fed the two high-fat expeller rations was higher than that 
of the pigs fed the regular expeller meal ration. The animals in the 
full-fat expeller group grew 13 percent faster than did those animals 
in the regular expeller ration treatment. The performance of the pigs 
fed each of the expeller meals compared more favorably with that of 
pigs fed the solvent meal than was the case for the previous experiment. 
Feed required per pound of gain The feed efficiency data 
are presented in Table 8. The pigs fed the ration containing regular 
expeller soybean meal required more feed per pound of gain as compared 
to those pigs in the other four experimental rations. The most efficient 
feed utilization was made by the pigs fed the rations containing solvent 
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Table 8. Experiment 1133 - Summary of average total gain and feed 
required per pound of gain 
Treatment 
Solvent Solv. SBM Regular High-fat Full-fat 
Rep. SBM + soybean oil exp. SBM exp. SBM8 exp. SBM 
Total gain (lb.) 
1. 28.38 29.58 19.50 23.55 23.65 3° 21.06 21.96 16.88 18.38 19.48 
3 22.80 23.78 18.25 19.42 17.65 
4 18.28 16.68 17.05 18.50 19.95 
Av. 22.63 23.00 17.92 19.96 20.18 
Feed/gain 
lh 1.85 1.63 2.27 1.98 1.79 
2 1.70 1.68 2.01 1.92 1.91 
3 1.71 1.71 2.15 1.75 1.81 
4 1.68 1.67 1.99 1.76 1.68 
Av. 1.74 1.67 2.10 1.86 1.80 
%igh-fat, expeller soybean meal, 47.8 percent protein, 4.5 percent 
fat, no urease activity. 
^Replication 2 had 5 pigs per pen. 
soybean meal. The pigs on either the solvent meal alone or solvent meal 
with the added soybean oil rations required less feed per pound of gain 
(P < .01) than those fed the rations containing the expeller meals. The 
difference in feed efficiency was shown to be highly significant (Table 
35, Appendix). Although the pigs fed the ration containing the solvent 
meal with the added soybean oil were slightly more efficient than those 
pigs fed the ration containing the solvent meal alone, the difference 
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in feed required per unit of gain was not statistically significant. 
Pigs fed the full-fat soybean meal ration required 16 percent less per 
pound of gain than did pigs fed the regular expeller meal. 
Experiment 1144 - Fat utilization by baby pigs 
Objective The results of the previous experiments indicated 
some improvement in efficiency of feed conversion from the addition of 
lard (Experiment 1123) or soybean oil (Experiments 1131 and 1133). 
However, the improvement in efficiency was not proportional to the 
increased calorie concentration of the diet. Also, it has been reported 
that the digestibility of fats by rats or by pigs varies with the kinds 
and levels of fat in the diet (Hoagland and Snider, 1940; Lloyd et al. 
1957). The objectives of this experiment were: 1) to study the effect 
of sources and levels of fat in the diet on the performance of baby pigs, 
2) to determine the apparent digestibility of dry matter, ether extract 
and protein at four and seven weeks of age as influenced by the kind 
and level of fat in the diet, and 3) to determine the effects of dietary 
fat on the degree of accumulation of body fat as measured by body specific 
gravity. 
Experimental 
Animals One hundred and sixty crossbred (Yorkshire x Landrace 
x Poland China) baby pigs, weaned at an average weight of 12.1 pounds and 
an average age of 18.9 days, were allotted at random from initial weight 
out-come groups within replication to a randomized block design experiment. 
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There were ten experimental ration treatments used in this study. The 
experimental ration treatments were replicated four times with fcur 
pigs in each pen. Because of the limited housing facilities, the 
experimental rations were only replicated twice at each of two tine 
periods. On the allotment of the pigs, restriction was made so that 
littermates in the same pen were avoided. 
Rations The ten experimental rations were formulated from 
three sources of fat: soybean oil, lard and tallow. Each kind of fat 
was added to the diet at three different levels: 2.5, 5.0 and 10.0 
percent of the total ration and a control ration contained no added fat. 
The tallow used was edible but not stabilized, the lard was a stabilized 
edible grade and the soybean oil was refined and degummed. The lard and 
tallow were melted before mixing them into the feed. Chromic oxide was 
included in each of the diets at the level of 0.25 percent. This indicator 
was used for estimating digestibility because of its satisfactory results 
as reported by Schurch et al. (1952); Clawson et al. (1955); Schneider 
(1955); Moore (1957 and 1958); Elam et al. (1959), Anderson (1962) and 
Comb et al. (1963). 
An antioxidant, ethoxyquin, was added to the vitamin premix not only 
to prevent oxidation of unstable vitamins, but also to minimize rancidity 
of the rations containing high levels of fats. The composition of the 
basal ration is presented in Table 32, Appendix. Solvent soybean meal 
was the main source of supplementary protein. Dried whey, as a standard 
ingredient for all rations, was fixed at an added 15 percent of the total 
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ration. All the ration treatments were formulated to contain 20 percent 
protein. Feeding and management were similar to that of the previously 
described experiment. 
Fecal collection Fecal samples were collected individually 
from each animal in every ration treatment at four and seven weeks of age. 
During collection time, the pig was placed inside a metabolism cage until 
he defecated. The fecal samples were dried in an oven for 48 hours at 
90 to 95 degrees Centigrade. A representative fecal sample for a pen of 
four pigs was obtained by weighing out an equal quantity of fecal dry 
matter from each pig within the pen and mixed thoroughly. This sample 
represents a pooled sample of the four pigs for that ration treatment. 
After drying, the fecal samples were stored in test tubes for chemical 
determinations of chromic oxide, ether-extract and nitrogen. 
Specific gravity determination After the pigs were fasted 
for 24 hours, two pigs in each pen were picked at random to represent 
its ration treatment. The pigs were anesthetized with sodium pento­
barbital by intraperitoneal injection to keep them still while their body 
voltone was being determined for specific gravity data. The volume was 
obtained by water displacement method described by Rathbun and Pace (1945) 
and Kraybill et al. (1952). The anesthetized pig was immersed in warm 
water except for the very tip of the nose. The displaced water was 
weighed in pounds to the nearest hundredth. Likewise, the water tempera­
ture was also taken to correct for density. 
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Chemical analysis Both the feed and fecal samples were 
analyzed for ether-extract by Goldfisch fat extractor from four to five 
hours at a high temperature (34 to 35°C). Each sample treatment was 
analyzed in duplicate. The ether-extracted sample of each experimental 
treatment was analyzed for nitrogen by micro-Kjeldahl determination as 
reported in the Association of Official Agricultural Chemists (1956). 
Chromic oxide content of the feed and fecal samples was analyzed by 
the simplified method of Kimtura and Miller (1957). Apparent digestibi­
lities of the feed nutrients for each experimental ration were calculated 
by the formula: 
Apparent Digestibility (%) = 
% indicator in feed „ % nutrient in fecesx 
10°" (10° I indicator in feces x % nutrient in feed ) 
The above calculations for apparent digestibility of nutrients were 
described by Maynard and Loosli (1956) and Young (1961). The digestibility 
for dry matter was calculated from the percent of the indicator in the feed 
to that in the feces, then the whole quantity subtracted from 100. 
Results and discussion The summaries of the effects of various 
kinds and levels of fat on average total gains and feed efficiency of baby 
pigs are presented in Table 9 and Figure 2. Apparent digestibility of 
dry matter, fat and protein at four and seven weeks of age are presented 
in Tables 10, 11 and 12. 
Gain Based on the average total weight gains among the ten 
experimental rations, the highest rate of gain was attained by the pigs 
Table 9. Experiment 1144 - Stannary of the average total gain and feed required per pound of gain 
Treatment 
Source Soybean oil Lard Tallow 
Level added Control 2 .5 5 .0 10 .0 1 .5 5.0 Id. d I .3 5.0 10 .0 
Rep. Total gain (lb.) 
1 20 .48 18 .15 19 .72 15 .30 14 .72 16.65 11. 00 16 .68 15.65 19 .08 
2 19 .15 19 .52 19 .68 12 .50 15 .05 15.08 16. 25 17 .25 19.03 16 .65 
3 13 .98 19 .48 15 .02 14 .72 16 .55 12.32 14. 58 15 .60 16.18 16 .40 
4 16 .40 15 .00 19 .28 15 .45 11 .62 18.28 17. 40 19 .45 19.35 14 .15 
Av. 17 .50 18 .04 18 .42 14 .49 14 .48 15.58 14. 81 17 .24 17.55 16 .57 
Rep. Feed/gain 
1 1 .79 1 .58 1 .70 1 .58 1 .78 1.77 1. 55 1 .65 1.90 1 .53 
2 1 .86 1 .82 1 .68 1 .73 2 .16 1.76 1. 70 1 .79 1.68 1 .70 
3 1 .94 1 .66 2 .25 2 .00 1 .83 2.01 1. 93 1 .96 1.96 1 .71 
4 1 .88 1 .95 1 .76 2 .10 2 .12 1.87 1. 86 1 .75 1.67 2 .08 
Av. 1 .87 1 .75 1 .85 1 .85 1 .97 1.85 1. 76 1 .79 1.80 1 .76 
Figure 2. Experiment 1144 - Summary of average total gain and feed efficiency 
with different sources and levels of fat. 
/ / 
20.0 
TOTAL 
GAIN iao 
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Table 10. Experiment 1144 - Average apparent digestibility of dry matter at 4 and 7 weeks of age 
Treatment 
Level added 0 2.5 5.0 10.0 
Source 0 SBO3 Lard Tallow SBO Lard Tallow SBO Lard Tallow 
Rep. 
1 79.20b 80.67 80.98 82 .71 90 .70 69 .91 73 .26 86 .35 80.68 81 .47 
79.75c 84.10 83.90 86 .40 90 .10 80 .90 80 .60 88 .70 83.40 88 .30 
2 77.08% 76.51 76.63 82 .19 84 .52 78 .24 68 .44 79 .91 76 *23 74 .88 
81.60c 82.10 83.10 87 .00 90 .30 81 .80 83 .00 87 .90 87.00 87 .10 
3 75.00% 73.70 83.70 82 .80 85 .90 79 .90 80 .50 83 .10 74.00 81 .30 
80.00° 84.20 82.20 83 .60 88 .70 85 .00 86 .00 86 .40 83.90 86 .40 
4 79.10% 77.10 80.20 83 .20 87 .20 81 .40 81 .00 81 .40 83.00 79 .70 
85.00c 85.40 84.50 81 .20 88 .30 86 .50 86 .00 88 .30 84.40 87 .40 
Av. 77.59% 76.99 80.38 82 .73 87 .08 77 .36 75 .80 82 .69 78.48 79 .34 
81.59° 83.95 83.43 84 .55 89 .35 83 .55 83 .90 87 .83 84.68 87 .30 
a Added soybean oil. 
^Apparent digestibility at 4 weeks of age. 
^Apparent digestibility at 7 weeks of age. 
Table 11. Experiment 1144 - Average apparent digestibility of protein at 4 and 7 weeks of age 
Treatment 
Level added 0 2.5 5.0 10.0 
Source 0 SBO3 Lard Tallow SBO Lard Tallow SBO Lard Tallow 
Rep. 
1 72.26% 
76.70c 
71.97 
78.38 
73.37 
80.84 
74.58 
84.22 
87.35 
88.81 
57.57 
78.23 
56.95 
78.27 
81.98 
86.55 
72.37 
81.57 
67.39 
84.79 
2 62.87% 
75.90e 
63.59 
76.37 
61.67 
78.54 
74.00 
82.97 
79.41 
89.14 
68.01 
76.34 
55.82 
81.13 
70.67 
86.57 
64.34 
82.45 
55.79 
81.94 
3 56.50% 
69.40e 
51.34 
79.78 
71.31 
77.57 
70.42 
80.65 
79.27 
86.21 
64.40 
82.15 
65.48 
82.22 
72.96 
80.28 
56.58 
81.16 
71.95 
87.08 
4 68.23% 
79.90e 
67.71 
81.17 
67.33 
77.52 
76.88 
77.99 
80.93 
85.26 
73.22 
81.50 
78.15 
79.42 
69.12 
85.38 
76.88 
82.37 
71.78 
86.77 
Av. 67.97% 
75.48e 
63.65 
78.93 
68.42 
78.62 
73.97 
81.46 
81.74 
87.36 
65.80 
79.56 
64.10 
80.26 
73.68 
84.70 
67.54 
81.89 
66.73 
85.15 
Added soybean oil. 
%Apparent digestibility at 4 weeks of age. 
^Apparent digestibility at 7 weeks of age. 
Table 12. Experiment 1144 - Average apparent digestibility of fat at 4 and 7 weeks of age 
Treatment 
Level added 0 2.5 5.0 i 10 .0 
Source 0 SBO3 Lard Tallow SBO Lard Tallow SBO Lard Tallow 
Rep. 
1 20.15% 53 .67 57. 28 42 .61 72 .83 ,42. 66 48 .58 60 .41 55 .06 65.66 
49.46e 63 .91 88. 20 85 .86 88 .02 88. 31 74 .01 88 .47 84 .89 84.09 
2 14.54% 43 .25 48. 49 48 .37 58 .79 44. 56 46 .47 65 ,59 73 .23 46,37 
56.02e 67 .78 86. 82 84 .66 87 .88 80. 89 75 .01 91 .17 88 .82 85.16 
3 15.50% 27 .42 41. 16 47 .71 31 .33 48. 79 50 .66 36 ,79 46 .18 62.60 
45.80e 60 .83 74. 37 75 .89 79 .43 83. 50 83 .20 64 .64 87 .92 85.86 
4 30.40% 45 .27 42. 18 44 .06 58 .27 60. 38 45 .95 57 .22 68 .89 51.78 
62.50e 50 .65 80. 31 70 .11 74 .26 84. 20 81 .10 76 .37 83 .93 82.99 
Av. 20.15b 42 .40 47. 28 45 .69 55 .31 49. 10 47 .92 55 .00 54 .34 56.47 
53.45e 60 .79 82. 43 79 .13 82 .40 84. 23 78 .33 80 .16 86 .39 84.53 
aAdded soybean oil. 
^Apparent digestibility at 4 weeks of age. 
^Apparent digestibility at 7 weeks of age. 
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fed 5 percent added soybean oil. Conversely, the lowest gain was 
observed for the pigs fed 2.5 percent lard in the ration. When the level 
of fat was used for comparisons of growth performance, averaging the 
source, the pigs in the control treatment gained more than the other 
three levels. Although considerable variations in the weight gains 
among the levels were apparent, statistical analysis of the gain data 
revealed that with increasing levels of fat in the diet, there was a 
significant linear decrease in weight gain (P < .01). If one includes 
only the added levels of fat in the comparisons, as shown in Table 36, 
Appendix, then the regression of gain on fat levels was not statistically 
significant. When the source of fat was considered for comparison, 
averaging the levels, there was a significant weight difference detected 
among the pigs fed the three fat sources (P < .05). The addition of 
tallow resulted in more rapid pig gains than did the added lard or 
soybean oil. The pigs fed the diet containing lard gained at a slower 
rate than did those pigs fed the diet containing tallow. The difference 
in weight gain between the pigs fed lard and those fed tallow was 
statistically significant (P < .05). However, there was no significant 
difference detected between the tallow and soybean oil fed pigs. These 
results agree with the findings of Heitman (1956), who found that pigs 
fed either 5 or 10 percent tallow grew more rapidly as compared to pigs 
fed with 10 percent added lard. Similarly, Lowrey et al. (1958) obtained 
satisfactory weight gains of the pigs when tallow was added to a high (18 
percent) protein, but not to a low protein (10 percent) ration. 
49 
Feed required per pound of gain In general, the addition 
of fats to the ration did not appreciably influence feed utilization by 
the pigs. The least amount of feed to produce a pound of gain was 
required by the pigs fed 2.5 percent added soybean oil in the ration. 
The greatest amount of feed per pound of gain was required by the pigs 
fed the diet containing 2.5 percent lard. In this experiment, it was 
also noted that no one kind of fat added to the diet had advantageous 
results in feed conversion when compared to the basal diet. On the 
average, the pigs given the diets with added tallow required slightly 
less feed per pound of gain than did pigs fed the other two fat sources; 
however, the difference was not statistically significant. The pigs fed 
the diet containing tallow required approximately 5 percent less feed 
per unit of gain than did the pigs on the control diet. The difference 
in feed efficiency between the two groups (control vs. tallow) was not 
significant. A comparison of the feed efficiency as affected by the 
levels and sources of fat is presented in Figure 2. 
Digestibility Summaries of the average apparent digestibility 
of the dry matter, crude protein and ether-extract of dry baby pig starter 
rations with various sources and levels of fat are presented in Figures 
3, 4 and 5. 
Dry matter In general the average apparent digestibility 
of dry matter by pigs was higher at seven than at four weeks of age. 
The difference in the dry matter digestibility at two ages was shown to 
be highly significant (P < .01). The average coefficient digestibilities 
Figure 3. Experiment 1144 - Average apparent digestibility of dry 
matter with different sources and levels of fat at 4 
and 7 weeks of age 
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Figure 4. Experiment 1144 - Average apparent digestibility of protein 
with different sources and levels of fat at 4 and 7 weeks 
of age 
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Figure 5. Experiment 1144 - Average apparent digestibility of 
different sources and levels of fat at 4 and 7 weeks 
of age 
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of dry matter by 4- and 7-week-old pigs for all treatment combinations 
were 79.6 and 84.5 percent, respectively. The digestibility of dry 
matter was significantly lower for the pigs fed the diet containing 
no added fat as compared to that of pigs fed the other diets. When 
the effect of source was considered for comparison, the pigs fed 
soybean oil digested a significantly higher percentage of the dry 
matter (P < .01) as compared with those fed either lard or tallow 
(Table 37, Appendix). However, the comparison of the pigs fed the 
diets containing lard and those fed tallow failed to show significant 
differences in digestibility at both ages. Likewise, the various added 
levels of fat in each source had a significant effect on dry matter 
digestibility by young pigs. The pigs digested the highest percentage 
of dry matter at the two ages when 10 percent fat was added to the 
rations. The lowest dry matter digestibility was observed with pigs on 
the control ration. Statistical analysis of the data showed that with 
the increasing levels of fat added to the diet, there was a significant 
(P < .01) linear increase in the dry matter digestibility. There was 
also a highly significant level of fat x source of fat interaction on 
the digestibility of dry matter. 
Comparisons of the dry matter digestibility of the ration with 
varying levels of different sources ef fat by baby pigs at four and 
seven weeks of age are presented in Figure 3. The bars on the right 
side represent the average digestibility of dry matter of the two ages 
on each of the fat sources. 
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Protein On the average, the apparent digestibility of 
protein increases with age. The pigs had a significantly higher protein 
digestibility at seven weeks than at four weeks of age. The average 
protein digestibility for 4-week and 7-week old pigs was 69.3 and 81.5 
percent, respectively. The pigs fed the diet without added fat digested 
significantly less of the dietary protein as compared with those fed 
other ration treatments. Sources of fat were found to greatly affect 
the apparent digestibility of protein in the diet by baby pigs. 
When fed rations with added soybean oil, the pigs digested an 
average of 73.0 and 83.3 percent of the protein at four and seven weeks 
of age, respectively. The pigs fed the diets containing lard digested 
an average of 67.2 and 80.1 percent of the protein at the two respective 
ages. Likewise, tallow-fed pigs digested 68.3 and 82.3 percent at four 
and seven weeks of age, respectively. The pigs on rations containing 
soybean oil digested significantly more of the protein than did pigs fed 
rations containing either lard or tallow (Figure 4). However, the pigs 
fed the diet with added lard did not significantly differ in protein 
digestibility as compared to those pigs fed diets with added tallow. 
There was a significant quadratic increase in the digestibility of 
protein with increasing fat levels (Table 37, Appendix). 
Fat Comparison of the apparent fat digestibility for both 
ages showed that the pigs digested a lesser amount of fat at four than 
at seven weeks of age. The difference in the amount of fat digested at 
the two ages was highly significant (P < .01). There was a greater 
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magnitude of difference between the two ages in fat digestibility than 
in dry matter or protein digestibility. The pigs fed the control diet 
digested significantly less fat (P < .01) as compared with those on 
the other diets (Table 37, Appendix). It was also noted that fat 
digestibility increased as the level of fat in the diet increased. 
There was a significant quadratic increase in the digestibility of 
fat with increased levels of fat in the diet (P < .01). 
When the sources of fat were compared, the highest digestibility 
of fat was obtained from the pigs fed the diets containing lard as 
shown in Figure 5. However, there was no significant difference in 
the average fat digestibility among the pigs fed the rations containing 
lard, tallow and soybean oil. Statistical analysis revealed that there 
was a significant source x level interaction on fat digestibility. 
In general, the average apparent digestibility of dry matter, 
protein and fat of diets supplemented with the different sources and 
levels of fat was higher at seven than at four weeks of age. Lloyd et al. 
(1957) obtained similar trends in the difference of the nutrient's 
digestibility for similar ages. In this experiment, it was also noted 
that there was a significant difference in both the dry matter and 
protein digestibility as influenced by the kind of fat added to the diet. 
Also, the fat digestibility was greatly influenced by the levels of fat 
in the diet. Lowrey and associates (1958) reported that fat added at 
the level of 10 percent of the diet improved the protein digestibility 
by pigs from 1 to 6 percent. On the other hand, Kuryvial and Rowland 
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(1962) found that the nitrogen retention in young pigs was not 
significantly affected by the levels of fat. In another series of 
studies by the same workers, they reported that increased levels of 
fat improved the efficiency of utilizing digestible energy in pigs. 
Specific gravity measurement A summary of the specific gravity data 
is presented in Table 13. Relative fat content of the body was estimated 
by determining the specific gravity of the whole animal. Since body fat 
is less dense than muscle tissue and bone, the specific gravity of the 
body will be decreased with an increase in relative fat content of the 
animal body. In this study the mean regression of specific gravity on 
the levels of the three sources of fat was estimated to be f = 1.0385 -
0.00236 X, wherein X represents the added level of the fat in the diet 
and Y as the specific gravity. There was an inverse relationship between 
specific gravity with increasing levels of fat. The mean correlation 
coefficient was found to be highly significant with the value of r = -0.52 
(Figure 6). Keys and Brozek (1953) have indicated that the nutritional 
state of the animal greatly influences the specific gravity of the body. 
It is recognized that differences in relative size of the body 
cavities would result in errors in estimating fat content on a live 
animal; however, the values obtained should give qualitative estimates 
as to which of the groups of animals was obese. 
Experiment 1169A - Effects of levels of fiber on fat utilization by baby 
EÏË. 
Objective It has been reported that the longer the food stays 
in the digestive tract of the pig the more efficient is the digestion of 
Table 13. Experiment 1144 - Summary of specific gravity measurement 
. Treatment 
Level added 0 2.5 5.0 10.0 
Source 0 SBO Lard Tallow SBO Lard Tallow SBO Lard Tallow 
Rep. 
1 1.032 1.037 1.014 1.089 1.013 1.007 1.001 1.000 1.001 1.021 
2 1.038 1.039 1.048 1.061 1.033 1.062 1.035 1.022 1.054 1.022 
3 1.033 1.029 1.031 1.031 1.013 1.032 1.020 1.008 1.016 1.012 
4 1.037 1.036 1.031 1.023 1.036 1.027 1.011 1.000 1.017 1.002 
Av. 1.035 1.035 1.031 1.051 1.024 1.032 1.017 1.008 1.022 1.014 
Figure 6. Experiment 1144 - Ms an regression of specific gravity 
of live animal on levels of three sources of dietary 
fat 
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the nutrients (Cunningham et al. 1962). These researchers also noted 
that those pigs which scoured during the experimental period digested 
7 percent less protein than did those pigs that did not show evidence 
of diarrhea. In formulating practical diets for baby pigs, small 
amounts of bulk added to the diet had been reported to minimize the 
incidence of diarrhea. Bulk in the ration has the ability to slow down 
the rate of food passage through the gut of the animal. The objectives 
of this experiment were: 1) to study the effects of the added levels 
of fiber and fat to the ration on the weight gain and feed utilization 
by baby pigs, and 2) to study the effect of fiber and fat on the digesti­
bility of the ration nutrients by baby pigs. 
Experimental 
Animals Eighty crossbred (Yorkshire x Landrace x Poland 
China) baby pigs, weaned at an average weight of 11.2 pounds and an 
average age of 19.7 days, were assigned to the experimental units 
similarly to the allotment procedures used for Experiment 1144. Ten 
experimental rations were used in this study and each ration treatment 
was fed to four pigs in each pen and replicated twice. 
Rations Beet pulp was used as the added source of fiber. 
The ten ration treatments were formulated from three levels of beet pulp 
(0, 2.5 and 5.0 percent of the total ration) in combination with three 
levels of fat (0, 5.0 and 10 percent soybean oil). Soybean oil was used 
as the source of fat because of the satisfactory results obtained in 
Experiment 1144. The tenth ration treatment contained 10 percent coconut 
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oil and 5 percent beet pulp. All the ration treatments were calculated 
to contain 20 percent crude protein. The composition of the basal ration 
is presented in Table 32, Appendix. Chromic oxide at 0.25 percent of the 
total ration was also added to measure digestibility of ration nutrients. , 
Feeding and management procedures were identical to those described in 
previous experiments. 
Fecal collection Fecal samples for chemical determinations 
of nitrogen, ether extracts, dry matter and chromic oxide were collected 
and prepared similar to that described in Experiment 1144. Fecal samples 
were again collected at four and seven weeks of age. 
Chemical analysis The fecal and feed samples after drying 
were analyzed for nitrogen, ether extract, dry matter and chromic oxide. 
Similar procedures described in Experiment 1144 were used in the above 
chemical determinations. 
Results and discussion The summary of the effect of added levels 
of fiber and fat on total gain and feed efficiency by pigs is presented 
in Table 14. A summary of the average productive and metabolizable energy 
required per unit of gain is shown in Table 15. The apparent digestibility 
of dry matter, fat and protein at four and seven weeks of age is summarized 
in Tables 16, 17 and 18. 
Gain Considerable variations in weight gains by pigs were 
observed for all the ration treatments and the differences in weight gains 
among treatments were not statistically significant. When the pigs fed 
the rations containing 10 percent coconut oil were compared to those on 
Table 14. Experiment 1169A - Summary of average total gain and feed required per pound of gain 
Treatment 
Beet pulp, % 0 0 2.5 2.5 2.5 5 5 5 5 
Added oil, % Control 5 10 0 5 10 0 5 10 10a 
Rep. i ' Total gain (lb.) 
1 20.38 22.67 18.00 18.45 23.92 21.75 21.78 19.30 17.98 18.78 
2 14.38 12.02 12.08 16.28 14.68 13.85 11.02 14.18 12.08 13.32 
Av. 17.38 17.35 15.04 17.37 19.30 17.80 16.40 16.74 15.03 16.05 
Rep. Feed/gain 
1 1.82 1.80 1.74 1.81 1.76 1.52 1.44 1.78 1.56 1.65 
2 1.82 1.86 1.90 1.92 1.91 1.81 2.08 1.70 1.88 1.69 
Av. 1.82 1.83 1.82 1.86 1.84 1.67 1.76 1.74 1.72 1.67 
aAdded coconut oil; the other levels of added oil were from soybean oil. 
Table 15. Experiment 1169A - Summary of productive and metabolizable energy required per gain 
Treatment 
Beet pulp, % • 0 0 2.5 2.5 2.5 5 5 5 4 
Added oil, % Control 5 10 0 5 10 0 5 10 10* 
Rep. Productive energy/gain 
1 1660 1789 1872 1607 1709 1599 1247 1687 1605 1698 
2 1660 1849 2044 1705 1855 1904 1801 1612 1934 1734 
Av. 1660 1819 1958 1656 1782 1752 1524 1650 1760 1718 
Rep. Metabolizable energy/gain 
1 2375 2525 2612 2304 2415 2234 1788 2385 2214 2374 
2 2375 2610 2852 2444 2620 2661 2583 2278 2668 2432 
Av. 2375 2568 2732 2374 2518 2448 2186 2332 2441 2403 
aAdded coconut oil; the other levels of added oil were from soybean oil. 
Table 16. Experiment 1169A - Average apparent digestibility of dry matter at 4 and 7 weeks of age 
Treatment 
Beet pulp, % • 0 0 2. ,5 2, .5 2.5 5 5 5 5 
Added oil, % Control 5 10 ( ) C 10 0 5 10 10a 
Rep. 
1 70.70b 77 .52 79 .07 80. 22 78. 79 78 .86 84 .31 75.68 76.74 79 .07 
91.76e 85 .88 87 .07 85, .99 88. 47 88 .64 86 .84 86.61 86.84 90 .04 
2 85.58b 65 .75 82 .82 75. 56 85. 77 82 .91 75 .61 75.55 73.45 81 .56 
87.80e 81 .89 84 .80 84. 29 89, .13 85 .19 84 .62 82.00 83.33 82 .95 
Av. 78.14b 71 .63 80 .94 77. 89 82. 28 80 .88 79 .96 75.61 75.09 80 .31 
89.78e 83 .88 85 .93 85. 14 88. 81 86 .91 85 .73 84.30 85.08 86 .49 
Coconut oil added; the other levels of added oil were from soybean oil. 
bApparent digestibility at 4 weeks of age. 
cApparent digestibility at 7 weeks of age. 
Table 17. Experiment 1169A - Average apparent digestibility of protein at 4 and 7 weeks of age 
Treatment 
Beet pulp, % - 0 0 2. 5 2 .5 2.5 5 5 5 5 
Added oil, % Control 5 10 ( ) 1 5 10 i 0 5 10 10a 
Rep. 
1 52.24b 62. 20 65 .31 67. 13 59 .72 63 .58 78 .33 53. 34 56 .66 60 .08 
86.90e 79. 13 82 .90 81. 66 81 .60 83 .36 84 .82 81. 37 82 .44 86 .00 
2 74.37b 37. 07 68 .35 57. 06 75 .01 69 .73 56 .32 55. 16 49 .99 69 .09 
82.07e 73. 03 77 .05 76. 76 82 .45 78 .98 78 .59 75. 16 72 .11 77 .43 
Av. 63.30b 49. 63 66 .83 62. 09 67 .36 66 .65 67 .32 54. 25 53 .32 64 .58 
84.48e 76. 08 80 .01 79. 21 82 .02 81 .17 81 .70 78. 26 77 .27 81 .71 
^Coconut oil added; the other levels of added oil were from soybean oil. 
^Apparent digestibility at 4 weeks of age. 
cApparent digestibility at 7 weeks of age. 
Table 18. Experiment 1169A - Apparent digestibility of fat at 4 and 7 weeks of age 
Treatment 
Beet pulp 
Added oil 
-, 1 
, % Control 
0 
5 
0 
10 
2.5 
0 
2. 
5 
5 2. 
10 
5 
i 
5 
0 
t 
c 
5 
10 
5 
10* 
Rep. 
1 13 .86b 56.61 46 .01 43. 63 46. 34 38. 54 43.36 27, .04 36 .27 68.40 
77 .67° 82.35 86 .94 69. 04 88. 61 90. 68 64.86 81. 12 91 .18 93.53 
2 52 •56b 10.26 52 .07 43, .30 66. 13 63. 43 22.68 35. ,70 43 .87 77.32 
76 .58c 77.36 79 .02 66, .38 86. 41 82. 52 55.09 78. ,58 79 .66 91.82 
Av. 33 .21b 33.43 49 .04 43, .46 56. 23 50. 98 33.02 31. 37 40 .07 72.86 
77 .12= 79.85 82 .98 67, .71 87. 51 86. 60 59.97 79. 85 85 .42 92.67 
aAdded coconut oil; the other levels of added oil were from soybean oil. 
^Apparent digestibility at 4 weeks of age. 
cApparent digestibility at 7 weeks of age. 
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added soybean oil ration treatments, the difference in weight gain 
was also not significant. The levels of the added soybean oil did not 
significantly affect weight gains of the pigs (Table 38, Appendix). 
Similarly, the average weight gain of the pigs was not affected by 
the levels of added fiber in the diet. On the average, slightly more 
rapid gains were made by pigs fed diets containing 2.5 percent beet pulp 
as compared to those pigs given 0 and 5.0 percent added beet pulp in 
their diets. The pigs on the 0 and 5.0 percent added beet pulp gained 
at essentially the same average rate. There was a significant difference 
observed between replications, however (P < .01). The pigs in the first 
replication gained significantly faster than those in the second replica­
tion. 
Feed required per pound of gain For the entire test period, 
there was not a statistically significant difference among ration treatments 
in the amount of feed required to produce a pound of gain. Although the 
pigs fed the diet with 5 percent added beet pulp and 10 percent coconut 
oil required the least amount of feed per pound of gain, the difference 
in feed efficiency was not significant. The levels of added soybean oil 
did not have a significant effect on the feed efficiency. When the levels 
of added fiber were averaged for comparison, the pigs fed the diets contai­
ning 0, 2.5 and 5.0 percent beet pulp required an average of 1.82, 1.79 
and 1.72 pound of feed per pound of gain, respectively. Again, the 
difference in feed efficiency among the three levels of added fiber was 
not significant (Table 38, Appendix). 
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On the basis of the above results, it is logical to assume that 
certain amounts of fiber have the ability to exert slight improvement 
in feed utilization efficiency by baby pigs. However, the addition of 
large amounts of fiber in the ration for baby pigs may result in a 
reduction of total energy intake. The question as to whether the 
differences in gain could have been a result of the differences in the 
amount of energy intake will be discussed in the next topic. 
Energy required per pound of gain It is apparent from 
Table 15 and Figure 7 that there were considerable variations in the 
amount of productive or metabolizable energy required per pound of gain 
among the ten ration treatments. The range was from 1524 productive 
kilocalories for the pigs on the diets containing 5 percent added beet 
pulp without the added fat to 1958 productive kilocalories for those on 
10 percent added soybean oil without beet pulp. When the levels of 
added fats were compared, there was a significant linear increase in 
energy required per unit gain with, increasing levels of fat (P < .05). 
However, there was no effect of the added levels of fiber on the amount 
of productive energy required per unit of gain (Table 39, Appendix). 
When metabolizable energy was considered for comparison purposes 
the trend was the same as for the productive energy. 
On the basis of energy intake, using either productive or metaboliza­
ble energy, it was noted that the pigs required a lesser amount of energy 
with the added fiber as compared to the pigs which received the diet 
without the added fiber. In both cases (productive and metabolizable 
Figure 7. Experiment 1169A - Average productive and metabolizable energy 
required per pound of gain 
2000 
1800 
1600 
1400 
PRODUCTIVE, C^LB. GAIN 
1819 
1660 
\7QZ |752 
2 
ti%Fiber 0 
o 
S % Fat 0 
1524 
1650 1718 
0 0 2.5BP 2.5BP 2.5BP 5 BP 5 BP 5 BP 5 BP 
5S0 10 SO 0 5S0 I0S0 0 5 SO 10 SO 10 CO 
2000 
2200 
2400 
2600 
2800 
2375 
2568 
V 
X % 2403 
2518 
2732 
METABOLIZABLE, CAL./LB. GAIN 
2332 
2448 2441 
E3 2.5%Beet Pulp + Soy Oil 
S3 5.0% Beet Pulp + Soy Oil 
OBI 5.0% Beet Pulp+Coconut Oil 
w 
74 
energy efficiency) the first replication had a significantly higher 
energy efficiency than the second replication (P < .05). 
It is possible to assume that those pigs which received more fat 
without the added fiber in their diet had a faster rate of feed passage 
through the gut since higher incidence of scouring had been observed 
during the early phase of the experiment. Thus, the efficiency of the 
pigs to utilize feed to gain was reduced. The study on the digestibility 
of the feed nutrients may partially substantiate this explanation. 
Digestibility Summaries of the average apparent digestibility 
of the dry matter, crude protein and ether extract of the rations by 
baby pigs as influenced by the added levels of fats and fiber are 
presented in Tables 16, 17 and 18. , 
Dry matter In general, the only source of variations found 
to be highly significant (P < .01) was the difference in digestibility of 
dry matter by pigs at seven and at four weeks of age (Table 40, Appendix). 
Comparisons of the ration treatments did not show any significant differences 
in dry matter digestibility. Neither the levels of added soybean oil and 
coconut oil nor the levels of added beet pulp affected the dry matter 
digestibility of the ration by the pigs to the extent to result in signi­
ficant differences. There was also no interaction of level of fat x 
level of fiber effect on the digestibility of dry matter. 
Comparison of the apparent digestibility of dry matter at different 
levels of added beet pulp and fat at two ages is shown in Figures 8 and 11. 
The ration treatment containing coconut oil is included in the graph 
below which compares the two ages of the pig. 
Figure 8. Experiment 1169A - Average apparent digestibility of dry 
matter with different levels of beet pulp and fats at 4 
and 7 weeks of age 
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Protein Again, there was a highly significant difference 
(P < .01) observed in protein digestibility between pigs of seven and 
four weeks of age (Table 40, Appendix). On the average, higher protein 
digestibility by pigs for both ages was obtained from the pigs m the 
control treatment and on the diet containing 5 percent soybean oil with 
2.5 percent beet pulp. There were no significant differences in the 
protein digestibility among the different ration treatments. However, 
it was noted that the pigs digested the protein more on the control 
ration treatment at seven weeks of age as compared to the pigs on the 
other ration treatments at the same age. Also, the pigs fed the diets 
containing 2.5 and 5 percent beet pulp both with 5 or 0 percent soybean 
oil had a higher protein digestibility at four weeks of age as compared 
to those pigs fed the rations without beet pulp. 
From the results of this experiment it was noted that neither the 
levels of added soybean oil nor levels of added beet pulp in the ration 
significantly affected the protein digestibility of the pigs. No signi­
ficant interaction of fat x levels of fiber on protein digestibility was 
observed. Comparisons of the protein digestibility at two ages with 
varying levels of added beet pulp, soybean oil and coconut oil are shown 
in Figure 9. A pooled average protein digestibility at four and seven 
weeks of age is presented in Figure 11. 
Fat Results indicate that there was a highly significant 
difference in fat digestibility by the pigs at seven and at four weeks 
of age (P < .01). Considerable variations in the digestibility of 
Figure 9. Experiment 1169A - Average apparent digestibility of 
protein with different levels of beet pulp and fats 
at 4 and 7 weeks of age 
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fat by the pigs were observed in the different ration treatments. These 
differences were found to be highly significant (P < .01). The added 
levels of soybean oil had a significant effect on the fat digestibility 
of the rations by the pigs. As the levels of added fat were increased 
in the diet, the percentage digestibility of fat was also increased. 
Statistical analysis of the data revealed that there was a highly 
significant linear effect of levels of fat on the fat digestibility. 
There was a significant quadratic effect of the levels of added fiber 
on the coefficient of fat digestibility (Table 40, Appendix). Fat 
digestion was higher in the presence of 2.5 percent added beet pulp but 
was larger in the presence of 5 percent beet pulp as compared with no 
added beet pulp (Figure 10). The quadratic effect was significant at 
the 5 percent level of probability. No significant interaction between 
the levels of added fiber and soybean oil was found. 
It was observed that the addition of 2.5 percent beet pulp in the 
diet containing soybean oil resulted in a relatively higher fat and protein 
digestibility by the pigs as compared to those on the 5 percent added beet 
pulp ration treatments. Examination of the data revealed that there was 
also a corresponding growth response of the pigs on the same ration 
treatment. This improvement in the total gain and feed efficiency may 
be due to the increased protein and fat digestibility of the pigs on the 
same treatment (Figure 10). 
Figure 10. Experiment 1169A -
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Experiment 1169B - Further study on the effects of levels of fiber on 
fat utilization by baby pigs 
Objectives There were some indications in Experiment 1169A that 
the 2.5 percent added beet pulp in the diets containing soybean oil 
improved both the protein and fat digestibility of the pigs at the two 
ages. Similarly, the pigs fed the diet with coconut oil and 5 percent 
added beet pulp had digested the highest percentage of fat at the two 
ages. 
This experiment was conducted to further study the effect of increased 
levels (10 percent beet pulp) of fiber on weight gains, feed efficiency and 
nutrient digestibility of baby pigs. 
Experimental 
Animals This experiment was conducted as a second part of 
Experiment 1169A and the pigs were of similar breeding. However, the pigs 
were started on experiment at an average weight of 10.8 pounds and an 
average age of 17.1 days. "Allotment and management were similar to that 
of Experiment 1169A. 
Rations Three levels of added beet pulp (0, 5 and 10 percent) 
were used in this experiment. The basal ration was similar to that of the 
previous experiments. The coconut oil ration treatment included 10 
percent oil with 10 percent beet pulp, the other nine rations were formula­
ted to contain the same levels of soybean oil (0, 5 and 10 percent) as in 
Experiment 1169A. 
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Results and discussion 
Gain The average weight gain data for the entire test period 
are presented in Table 19. On the average, the pigs fed the ration with 
10 percent beet pulp in the diet gained 11 percent slower as compared to 
those on 5 percent added beet pulp treatment. The highest gain response 
was by the pigs on the ration treatment containing 5 percent beet pulp 
and 5 percent soybean oil. On the other hand, the pigs on both ration 
treatments containing 10 percent beet pulp with 5 and 10 percent soybean 
011 made the lowest gain response. The quadratic response of pig gains 
on beet pulp levels was statistically significant (P < .05) Table 41, 
Appendix. There was no significant effect of level of added soybean oil 
on rate of gain. 
Feed required per pound of gain The feed utilization data 
àre summarized in Table 19. Although the pigs on the ration treatments 
containing 10 percent coconut oil, plus 10 percent beet pulp and the 5 
percent soybean oil with 5 percent beet pulp required the least amount 
of feed per pound of gain, their feed efficiency data did not differ 
significantly with the other ration treatments (Table 41, Appendix). The 
added levels of soybean oil to the diets did not improve the feed conversion 
of the pigs to the extent to show statistical significance. There was a 
significant linear effect of the levels of beet pulp on the feed efficiency 
of the pigs. It was observed that as the level of fiber increased, there 
was a corresponding increase in the amount of feed required per unit gain. 
Table 19. Experiment 1169B - Summary of average total gain and feed required per pound of gain 
Treatment 
Beet pulp, $ - 0 0 5 5 5 10 10 10 10 
Added oil, % Control 5 10 0 5 10 0 5 10 10a 
Rep. Total gain (lb.) 
1 15.60 16.68 15.38 17.42 19.20 17.10 19.75 15.95 18.47 17.85 
2 19.52 18.55 14.18 19.45 20.12 19.42 16.28 16.08 14.90 19.22 
Av. 17.56 17.61 14.78 18.43 19.66 18.26 18.01 16.01 16.68 18é53 
Rep. Feed/gain 
1 1.70 1.90 1.52 1.65 1.52 1.67 1.89 1.97 1.93 1.44 
2 1.73 1.79 1.64 1.54 1.50 2.13 2.27 1.70 1.83 1.60 
Av. 1.76 1.84 1.58 1.59 1.51 1.90 2.08 1.83 1.88 1.52 
aMded coconut oil; the other levels of added oil were from soybean oil. 
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Again, the question was aroused whether these differences in the 
gains and feed efficiency had been affected by the amount of energy 
intake which may have been limited by the added levels of beet pulp 
in the diets. 
Energy required per pound of gain A summary of the amount 
of productive and metabolizable energy per gain is presented in Table 20. 
The levels of fats exerted marked differences in productive energy 
efficiency among the different treatments which were shown to be 
statistically significant (P < .05). There was also a significant linear 
regression of the levels of fat on the productive energy efficiency 
(Table 42, Appendix). The increasing levels of fat increased the amounts 
of productive energy required to produce a pound of gain. It was mentioned 
in the discussion of feed utilization that there was a reduction of 11 
percent in feed efficiency when the level of beet pulp was increased 5 to 
10 percent. When the levels of beet pulp (0, 5 and 10 percent) were 
compared, averaging the levels of fat, the calculated productive energy 
required per pound of gain was 1700, 1584 and 1676 kilocalories, respective­
ly. There was only a 6 percent reduction in productive energy efficiency 
from the addition of 5 to 10 percent beet pulp in the diets as compared to 
a 11 percent increase in pounds of feed per pound of gain. It was also noted 
that the pigs on the diets without beet pulp required slightly higher 
amounts of productive energy per unit of gain than did those pigs on 10 
percent added beet pulp. However, the difference was not statistically 
significant. 
Table 20. Experiment 1169B - Summary of productive and metabolizable energy required per gain 
Treatment 
Beet pulp, % - 0 0 5 5 5 10 10 10 10 
Added oil, % Control 5 10 0 5 10 0 5 10 10a 
Rep. Productive energy/gain 
1 1550 1889 1636 1429 1441 1718 1548 1775 1897 1416 
2 1578 1779 1765 1334 1422 2192 1859 1532 1799 1583 
Av. 1567 1834 1700 1382 1432 1955 1704 1654 1848 1500 
Rep. Metabolizable energy/gain 
1 2219 2666 1903 2049 2038 2403 2228 2518 2656 1981 
2 2258 2511 2053 1913 2012 3065 2676 2173 2518 2215 
Av. 2238 2588 1978 1981 2025 2734 2452 2346 2587 2098 
a Added coconut oil; the other levels of added oil were from soybean oil. 
90 
When the metabolizable energy efficiency was considered for compar­
isons, statistical analysis of the data revealed that there were 
significant differences ÇP < .05) among the treatments (Table 42, 
Appendix). The least amount of metabolizable energy required per pound 
of gain was made by the pigs on the ration containing 10 percent soybean 
oil without beet pulp (Figure 12). Although the ration treatment containing 
coconut oil with 10 percent beet pulp had considerably improved the 
metabolizable energy efficiency as compared to the other ration treatments, 
the difference was not statistically significant. No definite pattern of 
improvement was observed among the treatments as affected by levels of 
fat or added fiber when metabolizable energy efficiency was used as the 
criterion. These variations in the treatments may be due to the signifi­
cant effect of the fat x fiber interactions detected at the 5 percent 
probability level. 
Digestibility Summaries of the average apparent digestibility of 
dry matter, crude protein and ether extract at four and seven weeks of 
age are shown in Tables 21, 22 and 23. A pooled average digestibility 
of feed nutrients at four and seven weeks of age is illustrated in Figure 
16. 
Dry matter Again, the results indicated that the pigs 
digested a higher percentage of the dry matter at seven weeks than at four 
weeks of age. The difference was statistically significant (P < .01). 
Similarly, statistical analysis of the data showed a highly significant 
difference among treatments, the pigs fed the diet containing the 10 percent 
Table 21. Experiment 1169B - Average apparent digestibility of dry matter at 4 and 7 weeks of age 
Treatment 
Beet pulp, 1 - 0 0 5 5 5 10 10 10 10 
Added oil, % Control 5 10 0 5 10 0 5 10 10* 
Rep. 
1 70.07^ 76.42 75.25 79.03 73.96 75.00 80.36 79.03 82.70 82.99 
81.79c 82.64 83.87 83.44 85.47 88.66 78.35 80.30 85.68 85.88 
2 74.50b 76.60 76.00 77.20 75.00 79.60 74.59 78.50 83.10 81.10 
79.17c 76.42 84.37 81.02 79.84 82.81 80.60 77.19 85.53 82.88 
Av. 72.88b 76.51 75.62 78.11 74.48 77.30 77.47 78.76 82.90 82.08 
80.48c 79.53 84.12 82.23 82.65 85.73 79.47 78.74 85.60 84.38 
aAdded coconut oil; the other levels of added oil were from soybean oil. 
kApparent digestibility at 4 weeks of age. 
^Apparent digestibility at 7 weeks of age. 
Figure 12. Experiment 1169B - Average productive and metabolizable energy 
required per pound of gain 
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Table 22. Experiment 1169B - Average apparent digestibility of protein at 4 and 7 weeks of age 
Treatment 
Beet pulp, % . 0 0 5 5 5 10 10 10 10 
Added oil, % Control 5 10 0 5 10 0 1 5 10 10a 
Rep. 
1 54.82% 62. 88 69. 45 72. 28 58. 05 66. 15 71. 17 63. 16 74. 72 74.06 
75.73c 76. 15 78. 50 80. 67 81. 88 86. 36 73. 00 71. 06 81. 73 82.45 
2 61.39b 67. 24 66. 81 69. 33 66. 87 71. 61 72. 80 65. 81 77. 10 71.12 
73.09c 70. 12 81. 48 78. 76 78. 01 79. 77 70. 90 69. 94 81. 91 78.92 
Av. 58.10b 65. 06 68. 13 70. 80 62. 46 68. 88 71. 98 64. 48 75. 91 75.59 
74.41c 73. 13 80. 00 79. 71 79. 94 83. 06 71. 95 70. 50 81. 82 80.68 
aAdded coconut oil; the other levels of added oil were from soybean oil. 
bApparent digestibility at 4 weeks of age. 
^Apparent digestibility at 7 weeks of age. 
Table 23. Experiment 1169B - Average apparent digestibility of fat at 4 and 7 weeks of age 
Treatment 
Beet pulp, % - 0 0 5 5 5 10 10 10 10 
Added oil, % Control 5 10 0 5 10 0 5 10 10a 
Rep. 
1 35.63b 59. ,91 65. 84 47. 37 35. 68 31. 00 61. 11 73. 16 74. 57 81. 80 
54.47° 86. ,11 93. 71 73. 17 87. 79 91. 84 70. 34 89. 16 92. 70 89. 27 
2 36.43% 60. ,03 67. 32 62. 70 
CO 
68 83. 68 41. 72 74. 16 88. 64 77. 88 
69.80° 91. ,04 91. 72 69. 63 88. 31 93. 98 57. 23 87. 23 92. 39 91. 27 
Av. 36.03^ 59. 97 66. 58 55. 03 60. 18 57. 34 51. 41 73. 61 81. 60 79. 84 
62.13° 88. ,57 92. 71 71. 40 88. 05 92. 91 63. 78 88. 19 92. 54 90. 27 
aAdded coconut oil; the other added oil levels were from soybean oil. 
%Apparent digestibility at 4 weeks of age. 
^Apparent digestibility at 7 weeks of age. 
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beet pulp and 10 percent soybean oil digesting the highest percentage of 
dry matter. The pigs fed the coconut oil ration treatment with 10 percent 
added beet pulp digested a higher percentage of the dry matter even at four 
weeks of age (Figure 13), as compared with the average for the other 
treatments. The difference in dry matter digestibility between the coconut 
oil and average of the soybean oil treatments was statistically significant 
(P < .05). The levels of added fat in the diet had a significant effect 
on the percent dry matter digestibility. However, the trend of the effect 
of added levels of fat indicated that neither the linear nor the quadratic 
components was significant. When the levels of fiber were compared, 
averaging the fats, there was an increase of dry matter digestibility as 
the levels of beet pulp were increased. Statistical analysis revealed 
that the linear regression component of the effect of the levels of fiber 
was statistically significant (Table 43, Appendix). There was a significant 
effect of fat x fiber interaction on the percent dry matter digestibility 
detected. 
Protein A graphic summary of the four and seven weeks of age 
protein digestibility data for the different ration treatments is illustrated 
in Figure 14. The pigs showed a considerable improvement in protein 
digestibility at seven as compared with four weeks of age (Table 22). The 
difference for the two ages was statistically significant. There was a 
significant difference observed on the protein digestibility among the 
treatments. Except for the ration treatment containing the 10 percent 
soybean oil and 10 percent beet pulp, the pigs on the coconut oil ration 
Figure 13. Experiment 1169B - Average apparent digestibility of 
dry matter with different levels of beet pulp and 
fats at 4 and 7 weeks of age 
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Figure 14. Experiment 1169B - Average apparent digestibility of 
protein with different levels of beet pulp and fats 
at 4 and 7 weeks of age 
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treatment digested a greater percentage of protein than did pigs fed the 
other treatments. The difference between the coconut oil treatment and 
the average for the soybean oil treatments was statistically significant 
(P < .05) Table 43, Appendix. The levels of fat had a significant effect 
on the amount of protein digested. Both the linear and quadratic regression 
components of the treatment effect of fat levels were statistically signifi­
cant. The pigs digested a higher percentage of the protein if 10 percent 
fat were added to the diet, but the amount digested was similar if the 
diet contained either 0 or 5 percent added fat. Likewise, the fiber levels 
had a significant effect on the amount of protein digested. Statistical 
analysis of the pooled percent protein digestibility showed that the 
quadratic regression component of the effect of fiber levels was statisti­
cally significant (Table 43, Appendix). The pigs digested a higher 
percentage of the protein if beet pulp was added to the diet, but the 
amount digested was similar if the diet contained either 5 or 10 percent 
added beet pulp. 
Again, the pigs showed some improvement in protein digestibility 
with added levels of fiber (5 and 10 percent beet pulp) at earlier stages 
of the pig's development. A possible explanation for the improved 
digestibility of protein at the earlier age of the pigs might be attributed 
to the rate of feed passage through the digestive tract which was also 
suggested by the data in Experiment 1169A. 
Fat Again, the results indicated a significantly higher fat 
digestibility at seven than at four weeks of age. The magnitude of 
100 
difference at the two ages was greater for fat digestibility than for 
dry matter and protein digestibility. The average fat digestibility 
between the two ages varied considerably among the added levels of 
beet pulp, when the levels of fat were averaged across the treatment. 
For instance, the pigs at four weeks of age digested only 54.2 percent 
fat on the ncmadded beet pulp treatment whereas those pigs fed the diet 
containing 5 and 10 percent of beet pulp digested 57.5 and 71.7 percent 
of the fats, respectively (Table 23). On the other hand, those pigs on 
the same ration (0, 5 and 10 percent beet pulp) treatment showed an 
increase in fat digestibility at seven weeks of age in the order of 81.1, 
84.1 and 91.2 percent, respectively (Figure 15). However, statistical 
analysis of the data revealed no significant effect of levels of added 
fiber on the amount of fat digested (Table 43, Appendix). These differences 
in the digestibility of fat among treatments were significantly influenced 
by the levels of fat in the diets (P <.01). There was a significant 
linear increase in fat digestibility with increased levels of fat in the 
diets. 
Experiment 6307 - Comparative study of coconut oil and soybean oil utiliza­
tion by baby pigs 
Objectives In both Experiments 1169A and 1169B, the pigs fed the 
diets containing coconut oil showed satisfactory gains, feed efficiency 
and nutrient digestibility comparable to the soybean oil treatments. It 
is felt that comparison of the two sources of oil (coconut oil vs. soybean 
oil) is necessary since coconut oil was not fully represented at different 
Figure 15. Experiment 1169B - Average apparent digestibility of 
fat with different levels of beet pulp and fats at 4 and 
7 weeks of age 
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feed nutrients at 4 and 7 weeks of age 
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levels in the last two experiments. The purpose of this experiment was 
to compare the nutritional value of coconut oil and soybean oil for 
early weaned pigs. In previous comparisons there were marked differences 
in protein digestibility at four and seven weeks of age. In this experi­
ment the length of test was lengthened to ten weeks of age to further 
study the age effect on nutrient utilization. 
Experimental 
Animals Eighty crossbred (Yorkshire x Landrace x Poland 
China) baby pigs, weaned at an average weight of 11.1 pounds and an 
average age of 15.1 days, were randomly allotted to five ration treatments 
replicated four times. Allotment of the animals (initial weight out­
come group) was similar to the procedures followed for Experiments 1144, 
1169A and 1169B. The pigs were housed in concrete floored pens and the 
house temperature maintained at a minimum of 65 degrees Fahrenheit. 
Rations Two levels of added oil (5 or 10 percent) for each 
of the sources (coconut oil and soybean oil) were used in formulating 
the ration treatments. The basal diet used was similar to that of 
Experiment 1144 (Table 32, Appendix). Beet pulp was not included in any 
of the ration treatments. Chromic oxide indicator was added to the diet 
at the same level as the other experiments. Feeding and management were 
similar to the previously described experiments. The feeding period was 
extended to eight weeks. 
Results and discussion The average total weight gains, feed effi­
ciency and feed nutrients digestibility at three ages are summarized in 
Tables 24, 25, 26 and 27. 
Re] 
1 
2 
3 
4 
Av 
1 
2 
3 
4 
Av 
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Experiment 6307 - Summary of average total gain and feed 
efficiency 
Control 
Ration treatment 
Soybean oil Coconut oil 
5 
(*) 
10 
(%) 
5 
(%) 
10 
(%) 
40.65 
39.92 
35.08 
38.40 
38.51 
2.11 
2.22 
2.09 
1.92 
37.05 
33.80 
34.80 
36.90 
35.64 
1.93 
1.99 
1.76 
2.01 
Total gain (lb.) 
30.63 33.60 
27.62 36.35 
34.60 39.20 
36.15 40.32 
32.25 37.37 
Feed/gain 
1.92 2.17 
2.09 2.04 
1.90 1.88 
1.90 2.00 
36.00 
35.40 
38.90 
41.40 
37.92 
1.79 
1.92 
1.75 
1.76 
2.09 1.92 1.95 2.02 1.80 
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Table 25. Experiment 6307 - Average apparent digestibility of dry 
matter at 4, 7 and 10 weeks of age 
Ration treatment 
Soybean oil Coconut oil 
Age 5 ID— ""I TÏÏ 
(weeks) Rep. Control (%) (%) (%) (%) 
4 1 78.00 
2 78.00 
3 82.12 
4 77.55 
82.30 75.00 
79.59 82.30 
81.48 86.21 
81.48 83.74 
82.30 83.74 
88.24 81.48 
77.28 85.72 
72.60 77.30 
Av. 79.91 81.21 81.81 80.10 82.06 
1 87.06 88.24 84.62 88.24 89.74 
2 86.08 87.10 87.34 87.73 88.57 
3 84.83 86.67 88.24 84.62 89.47 
4 84.29 87.34 85.72 84.62 83.06 
Av. 85.56 87.33 86.48 86.30 87.71 
1 87.06 87.06 82.31 88.77 85.19 
2 84.29 87.73 83.06 88.77 88.77 
3 84.83 87.35 87.73 87.73 85.72 
4 84.83 90.38 89.47 88.57 89.47 
Av. 85.25 88.12 85.66 88.46 87.28 
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Table 26. Experiment 6307 - Average apparent digestibility of protein 
at 4, 7 and 10 weeks of age 
Ration treatment 
Soybean oil Coconut oil 
Age 5 10 5 10 
(weeks) Rep. Control (%) (%) (%) (%) 
4 1 57.10 63.18 60.00 67.96 74.08 
2 62.38 65.73 78.76 78.29 69.10 
3 68.14 72.06 78.89 57.32 73.54 
4 59.95 60.96 70.66 60.54 52.33 
Av. 61.89 65.48 72.08 66.03 67.26 
7 1 80.39 83.01 83.83 82.77 86.40 
2 76.93 83.87 86.54 84.75 86.55 
3 78.87 83.64 85.96 77.82 85.30 
4 78.33 80.19 79.41 78.90 73.64 
Av. 78.63 82.68 83.93 81.06 82.93 
10 1 80.65 82.33 82.30 83.87 80.32 
2 75.51 83.27 78.54 84.66 84.99 
3 77.35 84.25 83.64 83.15 83.13 
4 78.42 87.33 87.19 84.95 85.93 
Av. 77.98 84.29 82.91 84.18 83.59 
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Table 27. Experiment 6307 - Average apparent digestibility of fat 
at 4, 7 and 10 weeks of age 
Ration treatment 
Soybean oil Coconut oil 
Age 5 10 5 10 
(weeks) Rep. Control (%) (%) (%) (%) 
4 1 35.10 40.53 48.75 52.56 80.12 
2 19.48 63.69 71.87 72.86 83.72 
3 43.22 54.49 69.92 68.90 81.70 
4 28.99 65.04 70.82 54.68 65.04 
Av. 31.69 55.93 65.33 62.25 77.64 
7 1 49.82 84.66 71.36 80.77 91.70 
2 56.49 75.23 84.51 81.92 87.46 
3 59.57 75.79 87.85 75.05 91.39 
4 64.05 81.09 81.70 84.45 83.94 
Av. 57.48 79.19 81,35 80.54 88.62 
10 1 49.95 80.32 90.44 80.20 88.90 
2 48.97 83.39 81.41 85.34 91.42 
3 55.73 82.98 91.27 85.61 88.70 
4 60.63 86.66 92.65 83.13 90.44 
Av. 53.82 83.34 88.94 83.60 89.86 
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Gain In general, there was a significant difference in 
rate of gain observed among the ration treatments (Table 44, Appendix). 
The pigs fed the basal diet gained more rapidly than did the pigs fed 
the diet containing soybean or coconut oil. Examination of the feed 
data revealed that the pigs on this treatment consumed more feed than did 
the pigs fed the other four treatments. However, the difference in 
weight gains between the control and the other treatments was not 
statistically significant. Conversely, the lowest gain response was by 
the pigs given the diet containing 10 percent soybean oil. The reduced 
gain for this ration treatment was greatly affected by the poor performance 
of the pigs in the second replication which scoured during the early phase 
of the experiment. 
On the average, the coconut oil fed pigs gained significantly faster 
than did those fed the soybean oil ration treatment (P < .05). The pigs 
on the coconut oil diet, averaging the two levels, gained an average of 
37.6 pounds for the entire test period, whereas those on the soybean oil 
diet gained 34.0 pounds for the same period. When the two levels of 
added oil were compared, averaging the sources, the pigs fed 5 percent 
gained slightly more (36.5 pounds) than did those fed 10 percent (35.1 
pounds) but the difference between the levels was not statistically 
significant. There was no significant source x level of oil interaction 
on total gain of the pigs. 
Feed required per pound of gain Feed utilization was improved 
as the level of fat was increased from 5 to 10 percent. The difference 
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between the two levels was statistically significant (P < .05), (Table 
44, Appendix). When the two sources (coconut oil vs. soybean oil)were 
compared, the average feed efficiency (1.91 vs. 1.93, respectively) was 
essentially similar. On the other hand, the pigs fed the basal diet 
required significantly more feed per pound of gain than did those fed 
the other diets. There were also considerable variations in feed 
efficiency observed among the replications. Obviously the pigs on the 
second replication were poorest in feed conversion which was affected by 
the incidence of scours in pigs on ration treatment containing 10 percent 
soybean oil. 
Prom the data in Table 24, it can be stated that the pigs fed the 
diets containing coconut oil grew faster and were more efficient than 
those fed the diets containing soybean oil. However, those fed the 
control diet, no added fat, grew faster than those fed either coconut 
oil or soybean oil added diets. 
Digestibility Comparisons of the nutrient digestibility by the 
pig at the three ages are illustrated in Figures 17, 18 and 19. 
Dry matter The digestibility for dry matter by the pigs at 
four weeks of age was significantly lower than at seven and ten weeks 
(Table 45, Appendix). The increase in dry matter digestibility tends to 
plateau after the pigs have reached seven weeks of age (Table 25). 
Results of this experiment indicated that neither the level nor the source 
of fat had a significant effect on the digestibility of dry matter within 
each age period. On the average, the dry matter digestibility for four, 
Figure 17. Experiment 6307 - Average apparent digestibility of dry matter with 
pigs fed soybean oil and coconut oil at 4, 7 and 10 weeks of age 
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Figure 18. Experiment 6307 - Average apparent digestibility of protein with pigs 
fed soybean oil and coconut oil at 4, 7 and 10 weeks of age 
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Figure 19. Experiment 6307 - Average apparent digestibility of fat with pigs 
fed soybean oil and coconut oil at 4, 7 and 10 weeks of age 
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seven and ten weeks of age,averaging across the treatments, were 80.8, 
86.7 and 87.0 percent, respectively. 
Protein Again, the pigs digested significantly less protein 
at four weeks than at seven or ten weeks of age (Table 45, Appendix). 
After the pigs had reached the age of seven weeks, the increase in protein 
digestibility tended to plateau (Table 26). The average digestibility of 
protein at four, seven and ten weeks was 66.6, 82.0 and 83.0 percent, 
respectively (Figure 20). There was no significant difference between 
seven and ten weeks of age. The pigs fed the basal diet consistently 
digested less protein at each age period as compared to those fed the 
other four treatments; the difference was statistically significant (P < .05). 
When the levels of the added oil (5 and 10 percent) were averaged to compare 
the sources (coconut oil vs. soybean oil), the pigs fed the soybean oil 
digested a slightly higher percentage of protein than did those pigs fed 
the coconut oil diet. However, the difference between the two groups was 
small and not statistically significant. Likewise, the levels of oil in 
the diet had no significant effect on the amount of protein digested by 
the pigs which was also observed in Experiment 1169A. There was no 
interaction of source x level of added oil on the digestibility of protein 
at three ages of the pigs. 
Fat Here again, the pigs digested significantly less fat 
at four weeks than at seven and ten weeks of age. Although there was 
some improvement in fat digestibility between seven and ten weeks of age, 
this increase was not statistically significant (Table 45, Appendix). 
Figure 20. Experiment 6307 - Pooled average digestibility of 
feed nutrients at 4, 7 and 10 weeks of age 
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The rate of improvement was 54.6, 77.6 and 80.0 percent digestibility 
for fat at four, seven and ten weeks of age, respectively (Figure 20). 
The pigs fed the basal diet digested significantly less fat than 
did pigs fed the other ration treatments at each of the age periods 
(P < .01). Also, the source of fat had a significant effect on fat 
digestibility when the levels of added oil were averaged. On averaging 
the three age groups, the pigs on the diet containing 5 and 10 percent 
oil digested an average of 74.1 and 80.3 percent of the fat (Table 27). 
The source x level of fat interaction was not statistically significant. 
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GENERAL DISCUSSION 
Energy-protein relationship 
The results of Experiment 1123 comprising three levels of added fat 
(2, 20 and 38 percent) and three levels of protein (19, 27 and 35 percent) 
have demonstrated an improvement in feed conversion and rate of gain as 
the protein level was increased from 19 to 27 percent and then leveled 
off or declined with further increases to 35 percent. The response to 
increasing fat level was less consistent although the least amount of 
feed required per pound of gain was observed at the highest (38 percent) 
level. There was a significant interaction of protein and fat on feed 
required per pound of gain (P < .05). However, the trends are not such 
that one can offer a straightforward biological explanation of the 
interaction since the improved feed conversion at the 20 percent fat level 
containing 19 or 27 percent protein as compared to the poorer feed conver­
sion at the same level of fat (20 percent) with a higher protein level 
(35 percent) was largely causing the significant interaction. The 
increased energy concentration of the diet did not consistently improve 
the rate of gain or feed efficiency. 
These results corroborate the findings of Peo et al. (1957) and 
Hays (1957). They found that the rate of gain was increased and the amount 
of feed required per pound of gain decreased with increasing levels of 
protein in the ration. Although the levels of fat or increasing the 
energy content of the ration tended to decrease the amount of feed 
required per pound of gain, the levels of fat had no consistent effect 
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on rate of gain or feed efficiency, however. Furthermore, Hays (1957) 
concluded that increasing the level of protein significantly increased 
rate of gain and decreased the feed efficiency independent of energy 
level in the ration. Similar effects were evident in this experiment. 
The results of this experiment differ from some interpretations of 
energy-protein relationships on poultry performance, which suggest that 
as the energy level of the feed is increased, the levels of other 
nutrients, including protein, should increase accordingly and that an 
optimum protein-to-calorie ratio should exist. For instance, the University 
of Maryland workers (Donaldson et al. 1956) have suggested that a ratio of 
approximately 42 calories of productive energy per pound of feed for each 
percent of protein is necessary for broiler starter rations. On the other 
hand, Balloun et al. (1959) reported that the chief effect of increasing 
protein up to 32 percent was on weight gain up to six weeks of age, while 
increasing energy from 800 to 1000 kilocalories usually increased growth 
and feed conversion, and that unless protein or energy was deficient, an 
interaction did not exist. 
Based on the results of this experiment, the protein and energy are 
utilized relatively independent of each other provided neither protein 
nor energy is severely limiting. The energy content of the diet does not 
affect feed intake sufficiently to require adjusting protein level to a 
constant ratio of the energy. 
Feeding value of different types of soybean meal 
Although the two Experiments (1131 and 1133) were not in complete 
agreement in the gain and feed data, it should be pointed out that one of 
123 
the expeller extracted soybean meals used in Experiment 1131 contained 
some urease activity indicating improper toasting. Ham and Sandstedt 
(1944) found that the raw soybean contains a substance which inhibits 
the activity of trypsin and depresses the growth of the chick when added 
to the diet. On the other hand, the other expeller meal had been stored 
for a considerable period of time. Thus, it is reasonable to assume that 
the poor growth performance of the pigs fed the diet containing this 
meal could be due to some nutrient deterioration of the soybean meal. 
Results of these experiments demonstrated that the pigs fed the 
solvent soybean meal diets grew faster on less feed than did those 
fed any of the expeller meals. Wilgus et al. (1936) reported that 
solvent soybean meal was superior to the high temperature extracted 
expeller and hydraulic soybean meals when fed to chicks. They suggested 
that the temperature for extraction used in the solvent soybean meal 
was considerably lower than that used in the processing of expeller and 
hydraulic meals; the higher temperature could have altered the protein 
molecule of the soybean and resulted in a lower biological value. Also, 
results from both Experiments (1131 and 1133) showed that soybean oil added 
to the basal ration resulted in more rapid gains than those fed similar levels 
of oil which was left in the bean meal. This could possibly be due to the 
lower energy yield from the oil left in the soybeans as compared to that of 
refined soybean oil added to the diet. Renner and Hill (i960) reported that 
the metabolizable energy value of whole soybeans was lower than expected 
because of the poor absorbability of the oil. Refined oil is more readily 
absorbed than is the natural oil present in the meals. 
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In Experiment 1133, the full-fat soybean meal compared more favorably 
with solvent soybean meal in stimulating the pig gain and improving the 
efficiency of feed utilization. In comparison with the results of 
regular expeller meal, the full-fat expeller ration improved gain by 
approximately 13 percent and reduced the feed required per pound of gain 
16 percent. 
A possible explanation of the poor results obtained with rations 
containing regular expeller meal (Experiment 1133) as compared to both 
the high-fat and full-fat soybean meal is the lower protein or fat 
availability from the regular expeller which could have resulted from 
high temperature during processing. Although the high-fat and regular 
expeller soybean meals were comparatively equal in fat and protein contents, 
the difference in growth rate may be due to the availability of the protein. 
The expeller meals were prepared by the same plant, but no information was 
available on either the duration or temperature of heat treatment. 
These experiments were saaewhat disappointing as to the value of 
high-fat meals. Certainly more control in processing procedure is necessary. 
However, the subsequent experiments raise the question as to whether the 
young pig can make efficient use of the added fat even though the meals 
were properly prepared. 
Fat utilization by pigs 
A comparison of the ability of pigs to utilize different dietary fats 
indicated that tallow and soybean oil were more efficiently utilized than 
was lard. The performance of the pigs given the diets containing tallow 
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was slightly superior to that of pigs fed soybean oil diets. Pigs fed 
diets containing coconut oil gained significantly more than those fed the 
diets containing soybean oil. However, in each of the experiments, the 
pigs fed the basal (without added fat) gained more rapidly than did pigs 
fed diets supplemented with fat. The increased gain response of the 
pigs on the basal diet was reflected by increased feed intake during the 
test period. Although the experimental rations were fed ad libitum to 
the pigs, the rations containing high levels of fat (particularly coconut 
oil) easily formed lumps of feed inside the feeder which blocked the 
continuous flow of the feed into the feeder and could have influenced 
performance. However, care was taken to try to assure that feed was 
available at all times. Levels of added fat did not influence the gain 
response of the pigs to a great extent, however, in general pigs fed 5 
percent gained more rapidly than did those fed 10 percent added fat. 
These results are in agreement with that of Barrick et al. (1953) 
who found that either beef fat or coconut oil was more efficiently utilized 
than was soybean oil or commercial grease. In this study, the difference 
in gain and feed efficiency between tallow and soybean oil was statistically 
significant. There is no doubt that the fatty acid component of the fats, 
digestibility by the pigs and interrelationship with other nutrients are 
important factors to be considered in determining the response of pigs to 
various fats and oils. 
The results of the digestibility studies show that the average 
digestibility of each nutrient (dry matter, protein and ether extract) 
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by the pig was higher at seven and ten than at four weeks of age for all 
sources or levels of fat. Age had a greater effect on the digestibility 
of fat than on the digestibility of protein or total dry matter. 
The results on the nutrient digestibility of Experiment 6307 
indicated that the digestibility for dry matter, protein and fat tended 
to plateau after seven weeks of age. These results are in agreement with 
the findings of Hartman et al. (1961) who reported that the levels of most 
of the digestive enzymes (proteinase, tributyrinase and amylase) of the 
pigs had approached the maxima by seven weeks of age. However, their 
studies only included data for pigs up to eight weeks of age so there was 
some question as to whether the maxima in enzyme concentration had been 
reached. 
In all four Experiments (1144, 1169A, 1169B and 6307) concerning 
the nutrient digestibility of the ration, results show that the age of 
the pigs had a greater effect on fat than on protein or dry matter 
digestibility. Hartman et al. (1961) found that tributyrinase activities 
were relatively high for pigs at birth and gradually increased with age. 
However, the data from the present study would suggest that the quantity 
or specificity of the lypo lytic enzymes are not such to allow for efficient 
utilization of fat in the diet by pigs at an early age. Lloyd et al. (1957) 
found similar magnitude of difference in fat digestibility for the ages of 
three vs. seven weeks. 
Source, but not level of fat, significantly influenced protein 
digestibility. The protein digestibility averaged 78.4 percent, 75.3 
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percent, 73.6 percent and 77.5 percent for pigs fed soybean oil, tallow, 
lard and coconut oil, respectively. Conversely, the level, but not the 
source of fat, significantly influenced the fat digestibility. Statistical 
analysis of the data revealed that there was a significant linear increase 
in fat digestibility with increasing levels of fat in the ration. The 
results of these experiments agree with the findings of Hoagland and Snider 
(1940) who reported that the digestive coefficient of hydrogenated 
cottonseed oil increased from 88.2 percent to 99.2 percent when the fat 
level of the diet was increased from 5 to 30 percent. In Experiment 1144, 
lard was more readily digested (67.3 percent) than was tallow or soybean 
oil (65.3 and 62.7 percent, respectively) when the digestibilities for the 
two ages were averaged. Coconut oil was more readily digested than soybean 
oil in Experiment 6307 (80.4 vs. 75.7 percent, respectively) when digesti­
bilities for three ages were averaged. Lloyd and Crampton (1957) reported 
that there is an inverse relationship between the mean molecular weight 
of the fatty acids in fats and oils and their digestibilities by young pigs. 
Lard, tallow and coconut oil have lower molecular weight fatty acids than 
soybean oil. 
The degree of body fat deposition was measured indirectly by the 
specific gravity of the anesthetized live animal. Results of this determina­
tion demonstrated that the body specific gravity decreased as level of fat 
in the ration increased. The correlation coefficient was r = 0.52. Reed 
et al. (1930) observed that more fat was stored by rats ingesting rations 
rich in fat than by those on a diet rich in carbohydrates. Likewise, 
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Kraybill et al. (1952) reported that there was an inverse relationship 
between body fat and body specific gravity when body fat content of 30 
head of cattle was calculated from body specific gravity. In the studies 
of Kraybill et al. (1952) specific gravity ranged from 1.017 to 1.070 
with a mean value of 1.045 and the fat content varied from 13.6 to 39.5 
percent of the body weight with an average fat content of 25.1 percent. 
In this study the specific gravity of the live animals ranged from 1.001 
to 1.089 with a mean value of 1.025. It is realized that body cavity 
affects the specific gravity measurements, but the values should indicate 
the relative differences in fat content of the pigs. 
Influence of fiber on fat utilization 
According to the results in Experiments 1169A and 1169B, the levels 
of added fiber (2.5, 5.0 and 10.0 percent beet pulp) in the ration did 
not significantly increase or decrease the weight gains of the pigs but 
there was a significant effect of the levels of beet pulp on the amount 
of feed required per pound of gain. Beet pulp added at the level of 2.5 
and 5.0 percent of the ration exerted a degree of improvement in feed 
conversion as compared to the rations without beet pulp. When the level 
of beet pulp was increased to 10 percent of the total ration, the pigs 
tended to require more feed per pound of gain. This was demonstrated by 
a significant quadratic effect of the level of beet pulp on the feed 
efficiency (P < .05). 
The question was aroused as to whether these differences in the gains 
and feed efficiency had been affected by the amount of energy intake which 
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could have been limited by the added fibers in the rations. Results 
of this experiment show that there was no significant difference in 
the metabolizable and productive energy efficiencies between pigs fed 
rations with or without added beet pulp, although the pigs receiving 
the rations without beet pulp required slightly less energy per unit 
of gain than did pigs fed diets with 10 percent added beet pulp. There 
was a significant linear effect of level of fat on the productive energy 
required per unit of gain. The higher the fat content of the diet, 
the more energy required per pound of gain. 
Also, the results of these experiments indicated that the addition 
of beet pulp (2.5, 5.0 and 10 percent) resulted in an improvement in 
the average fat digestibility for four and seven weeks of age. There 
was some improvement in the protein digestibility due to added fiber 
(5 percent beet pulp) at four weeks of age but not at seven weeks. As 
suggested earlier in the discussion of the results, this improvement 
in fat and protein during the early phase of the pig's development 
could have been due to the slower rate of feed passage in the digestive 
tract of the pig which was influenced by the addition of beet pulp. 
Baker (1959) suggested that the rate of food passage cannot be excluded 
as a factor affecting the nutritive value of feeds for the young pigs. 
Furthermore, Castle and Castle (1956) have observed that the feeds 
apparently have a slower rate of passage through the digestive tract of 
the older pigs as compared to that of younger pigs. The observations 
by Castle and Castle support the results of this experiment in that pigs 
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receiving the ration containing beet pulp were more efficient in 
protein digestibility at four weeks of age, but not at seven weeks as 
compared to those pigs in the control group at the same ages. 
Beet pulp had no significant effect on the digestibility of dry 
matter. Castle and Castle (1957) found no influence of rate of 
passage of food in the digestive tract of pigs on dry matter digesti­
bility. Although one would expect rate of food passage to have a 
similar influence on digestibility of dry matter as it would on digesti 
bility of fat and protein, since the latter is a part of the former. 
The results of these experiments demonstrate that the young pig 
responds differently to increased energy concentrations of the diet 
than does the older pig (Wagner et al. 1963), provided that the energy 
increase is attained by substituting fat for a carbohydrate source. 
This largely reflects the inability of the young pig to efficiently 
digest fat. There is a marked change between three and seven weeks 
of age in the pig's ability to utilize fats similar to those used in 
these tests. Thus, the young pigs cannot utilize the added energy 
from higher molecular weight fats and do not give the response of 
improved feed utilization which is typical of older pigs. 
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SUMMARY AND CONCLUSIONS 
Seven experiments involving 682 baby pigs were conducted to determine : 
the relationship of energy and protein and the effects of varying levels 
of fat on growth performance of the pigs ; the feeding value of various 
kinds of extracted soybean meals in serving as the source of both fat 
and protein for baby pigs, the ability of the baby pigs to utilize fats 
and oils from two to ten weeks of age and the influence of varying 
levels of fiber on fat utilization by baby pigs. In all the experiments, 
the gains and feed efficiency of the baby pigs were used as criteria of 
response. The influences of various fats and oils and levels of fiber 
on the apparent digestibility of dry matter, protein and ether-extract 
at four, seven and ten weeks of age were determined. Body specific 
gravity was measured on live pigs, seven weeks of age, to estimate 
indirectly the degree of body fat deposition as affected by the source 
and level of dietary fat. 
The feed efficiency and rate of gain were improved as the level 
of protein was increased from 19 to 27 percent protein in the diet. 
The levels of fat had no consistent effect on rate of gain and feed 
efficiency although the efficiency of feed conversion was generally 
improved as the level of fat was increased. The increased level of 
energy did not improve gains. Both protein level and energy level 
affect animal performance, but there is no optimum ratio of energy to 
protein necessary for maximum performance. 
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Solvent soybean meal was a superior protein source to expeller 
processed soybean meals. The added fat in high-fat or full-fat 
soybean meals appeared to be of little nutritional worth to the young 
pigs. 
No significant differences in total gain could be attributed to 
fat levels in studies comparing various sources and levels of fat. 
Pigs fed soybean oil or tallow gained significantly faster than the 
pigs fed lard. Coconut oil fed pigs gained significantly faster than 
the pigs fed soybean oil. There were no significant differences in 
feed efficiency among levels or sources of fat. 
The average apparent digestibility of dry matter, crude protein 
and fat was significantly higher at seven and ten than at four weeks of 
age. Age had a greater effect on digestibility of fat than on digesti­
bility of protein or total dry matter. Source, but not level of fat, 
significantly influenced protein digestibility. Dry matter, crude 
protein and ether-extract digestibility reached the maxima at seven 
weeks of age. 
The addition of fiber (beet pulp) at levels of 2.5 to 5.0 percent 
of the ration improved the feed conversion with little or no response 
in body weight gain. Increasing the fiber level to 10 percent of the 
ration caused an increase in the feed required per pound of gain by the 
pigs. Both the productive and metabolizable energy-gain ratios were not 
significantly affected by the levels of added fiber in the ration. There 
was a significant linear increase in calories required per unit of gain 
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with increasing fat levels in the diet. The addition of fiber (2.5 
to 10 percent beet pulp) improved the fat digestibility of the pigs 
at four and seven weeks of age. The protein digestibility was improved 
in pigs fed the diet containing 5 percent beet pulp at four weeks, 
but not at seven weeks of age. The improvement in protein digestibility 
of the pigs at four weeks was possibly a result of a slower rate of 
food passage in the gut as influenced by the added fiber (beet pulp) 
in the ration. Dry matter digestibility by the pigs was not improved 
by either levels of fat or fiber for both ages. 
Body specific gravity decreased as level of fat in the rations 
increased. The mean regression equation of specific gravity on the 
levels of fat was Y = 1.0385 - 0.00236X, wherein Y represents specific 
gravity and X the level of added fat in the ration. The mean correlation 
coefficient was highly significant with a value of r = -0.52. 
Although pigs utilize certain fats more efficiently than others and 
the age of the pig influences the ability to utilize all the fats tested, 
there appears to be little advantage to adding fats to diets that are 
relatively adequate in energy. If it were necessary to use feed 
ingredients of lower energy concentration than the com and soybean meal 
used as the basic diet components of these studies, then added fat 
could play a more important role in meeting the energy needs of the pig. 
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Table 28. Experiment 1123 - Vitamin-antibiotic premix 
Ingredient 
Amount contributed per 
pound ration 
Vitamin A, I.U. 4000 
Vitamin 0^, I.U. 500 
Riboflavin, mg. 4 
Pantothenic acid, mg. 8 
Niacin, mg. 18 
Vitamin B12, meg. 20 
Chlortetracycliné, mg. 50 
Table 29. Vitamin-additive premix 
Ingredient 
Amount contributed per 
pound ration 
Vitamin A, I.U. 2000 
Vitamin Dg, I.U. 500 
Riboflavin, mg. 4.7 
Calcium pantothenate, mg 9.4 
Niacin, mg. 21.1 
Vitamin B12, meg. 20.0 
Chlortetracycline, mg. 50.0 
Ethoxyquin, mg. 68.0 
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Table 30. Composition of trace mineral mix (35-C-41) 
Percent 
Element in premix 
Iron 7.000 
Copper 0.475 
Cobalt 0.166 
Manganese 5.680 
Zinc 8.100 
Potassium 0.750 
Calcium 5.280 
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Table 31. Experiment 1131 - Composition of basal ration 
Ingredient Percent 
Ground yellow com 69.2 
Solvent soybean meal (50% protein) 26.0 
Calcium carbonate 0.7 
Dicalcium phosphate 1.4 
Iodized salt 0.5 
Trace mineral mixa 0.2 
Vitamin-additive mix^ 2.0 
Total 100.0 
Composition given in Table 30. 
^Composition given in Table 29. 
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Table 32. Experiments 1144, 1169A, 1169B and 6307 - Composition of 
basal ration 
Ingredient Percent 
Ground yellow com 54.4 
Solvent soybean meal (50% protein) 26.2 
Dried whey (70% lactose) 15.0 
Calcium carbonate 0.6 
Dicalcium phosphate 1.1 
Vitamin-additive premix3 2.0 
Trace mineral mix'3 0.2 
Iodized salt 0.5 
Total 100.0 
Composition given in Table 29. 
bComposition given in Table 30. 
o 
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Table 33. Experiment 1123 - Summary of mean squares from the analysis 
of variance of gains and feed efficiency 
Mean squares 
Source of variation d. f. Gain Feed/gain 
Replications 1 3.30 0.356 
Treatments 8 56.92% 0.1377% 
Fat levels 2 155.90b 0.0150 
Protein levels 2 57.38 0.2120% 
Fat x protein 4 7.20 0.04843 
Error 8 13.34 0.0121 
^Statistical significance at P = 0.05 or less. 
^Statistical significance at P = 0.01 or less. 
Table 34. Experiment 1131 - Summary of mean squares from the analysis 
of variance of gains and feed efficiency 
Mean squares 
Source of variation d. f. Gain Feed efficiency 
Replications 3 41.42 -
Treatments 4 129.32 0.95 
Solvent vs. expel1er 1 441.05% 2.90% 
Solvent vs. solvent + oil 1 1.01 .02 
Regular vs. two high-
fat meals 1 71.06% .76% 
High-fat vs. full-fat 1 4.18 .12a 
Error 12 1.97 0.025 
^Statistical significance at P = 0.05 or less. 
^Statistical significance at P » 0.01 or less. 
149 
Table 35. Experiment 1133 - Summary of mean squares from the analysis 
of variance of gains and feed efficiency 
Mean squares 
Source of variation d. f. Gain Feed efficiency 
Replications 3 43.54 .0175 
Treatments 4 17.54% .1110% 
Solvent vs. expel1er 1 57.46% .2262% 
Solvent vs. solvent oil 1 .27 .0078 
Regular vs. high-fat 1 12.36 .2035 
High-fat vs. full-fat 1 .10 .0066 
Error 12 4.17 .0070 
^Statistical significance at P = 0.05 or less. 
^Statistical significance at P = 0.01 or less. 
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Table 36. Experiment 1144 - Summary of mean squares from the analysis 
of variance of gains and feed efficiency 
Mean squares 
Source of variation d, . f. Gain Feed efficiency 
Replication 9 4.58 .1259a 
Treatment 9 9.12 .0186 
Control vs. others 1 4.74 .0080 
Levels of fat 2 11.28 .0087 
Linear 1 10.13 .0140 
Quadratic 1 12.44 .0035 
Sources of fat 2 17.62% .0192 
Soybean oil vs. 
lard and tallow 1 7.14 .0001 
Lard vs. tallow 1 28.10% .0384 
Level x source 4 4.89 .0259 
Replication x treatment (error) 27 4.91 .0232 
^Statistical significance at P 0.01 or less. 
^Statistical significance at P 0.05 or less. 
Table 37. Experiment 1144 - Summary of mean squares from the analysis of variance of dry 
matter, protein and ether extract digestibilities 
Source of variation d. f. Dry matter 
Mean squares 
Protein Ether extract 
Replication 3 17.13 92.48% 240.93% 
Age 1 534.06% 3011.06% 17772.73% 
Age x replication 3 13.93 54.87 110.64 
Treatment 9 59.68b 150.12b 884.54% 
Control vs. others 1 71.13% 219.56% 5772.07% 
Levels of fat 2 11.64 45.34% 606.33b 
Linear 1 22.96 72.28 1168.21% 
Quadratic 1 0.32 18.42 44.44 
Source of fat 2 71.01 137.33% 129.22 
Soybean oil vs. lard § tallow 1 130.91 242.32% 213.40 
Lard vs. tallow 1 11.12 32.34 45.05 
Level x source 4 75.16% 191.53% 179.40% 
Error 63 7.64 24.21 57.57 
Replication x treatment 27 9.55 26.21 79.82 
Age x treatment 9 10.45 32.24 55.41 
Age x treatment x replication 27 4.78 18.81 36.03 
^Statistical significance at P = 0.05 or less. 
^Statistical significance at P = 0.01 or less. 
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Table 38. Experiment 1169A - Summary of mean squares from analysis 
of variance of gains and feed conversion efficiencies 
Mean squares 
Source of variation d, . f. Gain Feed efficiency 
Replication 1 238.88* .1428% 
Treatment 9 3.36 .0103 
Coconut vs. others 1 1.41 .0233 
Levels of soy oil 2 5.13 .0110 
Linear 1 3.58 .0192 
Quadratic 1 6.68 .0028 
Levels of fiber 2 7.14 .0105 
Linear 1 0.85 .0208 
Quadratic 1 13.43 .0002 
Fat x fiber 4 1.08 .0066 
Replication x treatment (error) 9 3.66 .0212 
^Statistical significance at P = 
^Statistical significance at P = 
0.01 or less. 
0.05 or less. 
Table 39. Experiment 1169A - Sunmiary of mean squares from analysis of variance of productive 
and metabolizable energy efficiencies 
Mean squares 
Source of variation d. f. 
Productive 
energy efficiency 
Metabolizable 
energy efficiency 
Replication 1 132845* 263810% 
Treatment 9 27565 43114 
Coconut vs. others 1 236 2637 
Levels of soy oil 2 27565 82726 
Linear 1 136320% 156865 
Quadratic 1 3620 8587 
Levels of fiber 2 40673 85678 
Linear 1 81345 171124 
Quadratic 1 - 230 
Fat x fiber 4 6640 12144 
Replication x treatment (error) 9 17772 35229 
^Statistical significance at P = 0.05 or less. 
Table 40. Experiment 1169A - Summary of mean squares from analysis of variance of dry matter, 
protein and ether-extract digestibilities 
Mean squares 
Source of variation d. f. Dry matter Protein Ether-extract 
Replication 1 20.392 99.414 0.072 
Age 1 629.166% 3480.836% 12674.312% 
Age x replication 1 31.969 62.951 249.731 
Treatment 9 22.319 77.588 4395.022% 
Coconut vs. others 1 6.011 23.195 1885.678% 
Levels of soy oil 2 9.709 78.182 561.344% 
Linear 1 .528 27.563 1082.458% 
Quadratic 1 18.891 128.801 40.230 
Levels of fiber 2 23.069 60.734 331.966 
Linear 1 3.420 11.207 112.147 
Quadratic 1 42.719 110.261 551.784% 
Fat x fiber 4 32.325 99.315 70.805 
Error 27 13.128 48.314 131.128 
Replication x treatment 9 16.562 68.859 157.881 
Age x treatment 9 6.628 23.319 102.385 
Replication x treatment x age 9 16.193 52.765 133.117 
^Statistical significance at P = 
^Statistical significance at P = 
0.01 or less. 
0.05 or less. 
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Table 41. Experiment 1169B - Summary of mean squares from analysis 
of variance of gains and feed efficiency 
Mean squares 
Source of variation d, . f. Gain Feed efficiency 
Replication 1 .933 .0151 
Treatment 9 3.935 .0726 
Coconut vs. others 1 2.130 .1090 
Levels of soy oil 2 3.509 .0078 
Linear 1 6.120 .0003 
Quadratic 1 .899 .0152 
Levels of fiber 2 8.149 .1190 
Linear 1 .193 .1430% 
Quadratic 1 16.107% .0951 
Fat x fiber 4 2.491 .0728 
Replication x treatment (error) 9 3.082 .0265 
^Statistical significance at P = 0.05 or less. 
Table 42. Experiment 1169B - Summary of mean squares from analysis of variance of productive 
and metabolizable energy efficiencies 
Mean squares 
Productive Metabolizable 
Source of variation d. f. energy efficiency energy efficiency 
Replication 1 14797 26865 
Treatment 9 7131 156603% 
Coconut vs. others 1 55195 93161 
Levels of soy oil 2 127190% 65780 
Linear 1 243390% 131252 
Quadratic 1 10990 306 
Levels of fiber 2 34616 83936 
Linear 1 3781 111940 
Quadratic 1 65451 55932 
Fat x fiber 4 65742 254208* 
Replication" x treatment (error) 9 23736 46959 
^Statistical significance at P = 0.05 or less. 
Table 43. Experiment 1169B - Summary of mean squares from analysis of variance of dry matter, 
protein and ether extract digestibilities 
Mean squares 
Source of variation d. f. Dry matter Protein Ether-extract 
Replication 1 15.463 .042 331.834 
Age 1 225.198% 937.121% 4364.966% 
Age x replication 1 19.086 57.528 286.921 
Treatment 9 23.834% 69.778% 604.995% 
Coconut vs. other 1 48.099% 69.564% 688.153% 
Levels of soy oil 2 21.583% 158.971% 1969.699% 
Linear 1 21.000 158.363% 3450.862% 
Quadratic 1 22.166 159.579% 488.438 
Levels of fiber 2 19.831 59.067% 171.766 
Linear 1 34.632% 52.925 340.507 
Quadratic 1 5.029 65.208° 3.026 
Fat x fiber 4 20.895% 30.591 118.467 
Error 27 6.393 13.738 123.478 
Replication x treatment 9 1.938 3.293 161.256 
Age x treatment 9 10.547 28.618 80.035 
Replication x treatment x age 9 6.693 9.302 129.143 
^Statistical significance at P = 0.01 or less. 
^Statistical significance at P = 0.05 or less. 
158 
Table 44 - Experiment 6307 - Summary of mean squares from analysis of 
gain and feed efficiency 
Mean squares 
Source of variation d. f. Gain Feed efficiency 
Replication 3 14.712 .0297* 
Treatment 4 25.509% .0450% 
Control vs. other 1 23.631 .0813% 
Soy oil vs. coconut oil 1 54.834* .0022 
5% vs. 10% 1 .622 .0946% 
Interaction 1 22.950 .0019 
Replication x treatment (error) 12 6.423 .0069 
^Statistical significance at P = 
^Statistical significance at P » 
0.05 
0.01 
or less, 
or less. 
Table 45. Experiment 6307 - Summary of mean squares from analysis of variance of dry matter, 
protein and ether-extract digestibilities 
Mean squares 
Source of variation d. f. Dry matter Protein Ether-extract 
Replication 3 5.625 51.257 95.032 
Age 2 239.999 1640.418% 2723.776% 
4 vs. 7 and 10 weeks 1 479.240a 3275.448% 5386.666% 
7 vs. 10 wc\<s 1 .759 5.388 60.886 
Replication x age 6 11.710 52.181 48.851 
Treatments 4 11.481 76.394 2479.560% 
Control vs. others 1 37.131 259.896% 8862.211% 
Soy oil vs. coconut oil 1 .572 13.283 268.853° 
5% vs. 10% 1 .103 27.346 734.298% 
Source x level 1 8.118 5.051 52.878 
Error 44 7.252 19.363 46.851 
Treatment x replication 12 14.517 30.519 54.610 
Treatment x age 8 3.311 11.381 55.307 
Replication x treatment x 
age 24 4.934 16.447 40.152 
^Statistical significance at P = 0.01 or less. 
^Statistical significance at P = 0.05 or less. 
